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EMENDATIONS TO BE MADE IN THE TEXT.

Page 2, line 25. Strike out the words “ both copper and sulphur
have disappeared,” and .inaert the words, ¢ it suddenly glows vividly,
at the instant when tBe copper and sulphur combine.”

Page 16, line 11. Insert after the word ¢ air,” the words « See Ap-
pendix, Fig. XVIL” -

Page 61, line 3 from foot. Add the words “ See Appendix, § 17.”

Page 173, Exp. 94. Instead of the first sentence (three and a half
lines) substitute the following: * Mix 75 or 100 grms. of flowers of
sulphur and an equal weight of slaked lime. Heat half a litre of
water in a capacious flask until it boils vigorously. Pour the mixture
of lime and sulphur into the water, little by little, slowly enough not
check the boiling. The movement of ebullition prevents the solid
matter from becoming impacted upon the flask.”

Page 255, line 28. Strike out the words * consists of” and insert
“ may be made by folding a circular piece of parchment paper into the
form of a cone, like the filter represented in Fig. XX. of the Appendix,
and cementing the upper edges of the paper with a drop of a thick
solution of shellac in alcohol. When nearly filled with the liquid to be
dialyzed and placed in a tumbler of water, the cone floats upright
and presents a large surface for the diffusion of the liquids. A more

S elaborate form of dialyzer may be made with ”
" Page 267, line 6 from foot. Between the words “the” and * glob-
ule,” insert the words ¢ space about.”

Page 267, line 12 from foot. Strike out the words « Chapter XX,”
and insert ¢ § 481 and Exp. 220.”

Page 299, line 1. After the word ¢ lamp,” insert ¢ see Exp. 193.”

Page 815, line 17. For ¢ potassium,” read * sodium."”

Page 397, line 4. Insert after “ sodium,” the words * in bleaching.”

Page 498, lines 12 and 13 from foot. Instead of “SbO,” and
SbS; ” read «“'8b,0,” and “ Sb,S;.”

Page 518, line 20. Strike out the words “ is still,” and insert * was

until lately.”

Page 518, line 21. Strike out the words ¢ in Europe.”

Page 518, line 22.  Strike out the word “ there.”



xvi A EMENDATIONS.

Page 518, hine 25. Insert after “clay,” the words “ or by passing
ammonia gas into a mixture of dilute sulphuric acid and roasted
shale.”

Page 554, line 17 from foot. After ¢ iron,” insert the words ¢ con-
taining a small percentage of sulphur.”

Page 554, line 16 from foot. Insert after “formulated,” the word
“ approximately.” .

Page 590, line 16. Instead of “ AuO” and “ AuO,,” read
“ AugO” and “ Aug0,.”

Appendix, page xiii., line 10. After the word * motion,” insert
¢ (6) The tube should always be thrust comBletely through the cork,
o that it may project a centimetre beyond the lower end of the cork.”

ADDITIONAL EMENDATIONS.

Page 221, line 3 of Exp. 116. After “No. 2" insert “about 25 C. M.
long.”
Page 291, line 2 of Exp. 147. After “ powder” read *Hold a pane of
window-glass before the eyes and stir the mixed powders into 14 grms.,”
ete.
Page 361, line 9 from foot. For “needed” read *theoretically neces-
”»

Page 369, line 1. Before “as” insert *“ something.” |
Appendix, page x., lines 16 and 17. Strike out the words “ the tube g1
is closed by inserting a glass rod.”
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PREFACE TO THE FIRST EDITION.

Ir preparing this manual, it has been the authors’ object to
facilitate the teaching of chemistry by the experimental and
inductive method. The book will enable the careful student to
acquaint himself with the main facts and principles of chemistry,
through the attentive use of his own perceptive faculties, by a
process not unlike that by which these facts and principles were
first established. The authors believe that the study of a science
of observation ought to develop and discipline the observing
faculties, and that such a study fails of its true end if it become
& mere exercise of the memory.

The minute instructions, given in the descriptions of experi-
ments and printed in the smaller type, are intended to enable the
student to see, smell, and touch for himself; these detailed
descriptions are meant fgr laboratory use. In order to mark as
clearly as possible the distinction between chemistry and chemical
manipulation, the necessary instruotions on the latter subject
have been put in an Appendix. In cases in which it is impossible
for every student to experiment for himself, the authors hope that
this manual will make it easy for the teacher, even if he be not a
professional chemist, to exhibit to his class, in a familiar and
inexpensive manner, experiments enough to supply ocular demon-
stration of the leading facts and generalizations of the science.
Judging from their own experience, the authors venture to hope
that even professional chemists may find it convenient to have
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always at hand the details of several hundred experiments,

covering the ground of an extensive course of chemical lectures.
The student of this manual is supposed to be already acquainted

with the rudiments of physics. The chemist must often depend

upon physical properties for his means of characterizing the

numerous substances with which he deals, and he is nearly con-

cerned with the physical properties of gases and vapors; but
chemistry has now so wide a scope and so great an importance as
to deserve to be studied by itself, and not merely as an appendix
to the subject of molecular physics.

Like all elementary text-books, this manual is a mere compila-
tion ; it embodies in & somewhat new form previously existing
statements of well-recognized facts and principles which have
become the common stock of the science. There is little original
in the book, except its arrangement and method, in part, and its
general tone. The authors have, of coursc, drawn largely from
the invaluable compilations made by Gmelin, Otto, and Watts,
and they have also availed themselves freely of the text-books of

- Stoeckhardt and Miller and the writings of Hofmann,

The book is not written in the intereg: of any particular theory
or system of notation, but is intended to exhibit, so far as is pos-
sible within the limits proper to an elementary manual, the present
state of the science.

The authors will feel very grateful to any one who will com-

municate to them errors, detected in using the book, or suggestions

for its improvement,

BosTtox, June 1867.



PREFACE TO THE SECOND EDITION.

Trar authors have thoroughly revised this second edition of
their manual. Practical experience in using the book with two
clasges in the laboratory, the questions of students, and the
suggestions of friends have enabled them to improve some of the
detailed directions for experiments, ard to make a few other
changes and additions calculated to smooth difficulties or supply
defects. Special pains have been taken to make the printing of
this edition as accurate as possible,

Bosron, December 1867. '
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INORGANIC CHEMISTRY.

INTRODUCTION.

1. Tae various objects which constitute external Nature pre-
sent to the observing eye an infinite variety of quality and eir-
cumstance. Some bodies are hard, others soft; some are brittle,
others tough or elastic; some natural objects are endowed with
life,—they grow ; others are lifeless,—they may be moved, but
never move themselves ; some bodies are in a state of incessant
change, while others are so immovable and unchangeable that
they seem everlasting. In the midst of this infinite diversity of
external objects, where lies the domain of Chemistry? What is
the subject-matter of this science ?

‘When air moves in wind, when water moves in tides, or in the
fall of rain or snow, the air and water remain air and water still ;
their constitution is not changed by the motion, however frequent
or however great. A bit of granite, thrown off from the ledge
by frost, is still a bit of granite, and no new or altered thing. If
a solid piece of iron be reduced to filings, each finest morsel is
metallic iron still, of the same substance as the original piece, as
will appear to the eye if a morsel be sufficiently magnified under
the microscope. The melted, fluid lead in the hot crucible, and
the solid lead of the cold bullet cast from it, are the same in
substance, only differing in respect to temperature. In all these

3
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cases the changes are external and non-essential, not intimate
and constitutional ; they are called physical changes.

2. When iron is exposed to the weather, it becomes covered
with a brownish, earthy coating which bears no outward resem-
blance to the original iron; and, if exposed long enough, the
metal completely disappears, being wholly changed into this very
different substance, rust. A piece of coal burns in the grate,
and soon it vanishes, leaving nothing behind but a little ashes.
Dead vegetable or animal matters, buried in the ground, soon
putrefy, decay, and disappear. 8o, too, the fragment of granite
which frost has broken from the ledge, exposed for centuries to
the action of air and rain, becomes changed ; it ¢ weathers,” and
after a time could no longer be recognized as granite. All these
changes involve alterations in the intimate constitution of the
bodies which undergo them ; they are called chemical changes.

Experiment 1.—Mix thoroughly 3 grammes (for Tables of the
Metrical System of Weights and Measures, see Appendix) of coarsely
powdered sulphur with 8 grammes of copper filings, or fine turnings.
Put the mixture into a tube of hard glass, No. 3, Fig. 1.
about 12 centimetres long, and closed at one -\
end. (For the manipulation of tubing, see
Appendix, §§ 1-4.) Hold the tube by the
open end, with the wooden nippers, as in
Fig. 1, and heat the mixture over the gas-lamp
(Appendix, § 5), until both copper and sulphur
bave disappeared.

Before heat was applied, the mixture of the
two substances was simply mechanical, and the
copper might have been completely separated
from the sulphur, by due care and patience;
but during the ignition the copper and sulphur
have united chemically, and there has been
formed o substance which, while containing both, has no external
resemblance to either. In the new body, the eye can dtect neither
copper nor sulphur, i

If 10 grammes of metallic iron be allowed to rust away completely
in moist air, the pile of rust which remains when the metal has disap-
peared, will weigh much more than 10 grammes. The iron has com-
bined with two of the constituents of the atmosphere, the gas called
oxygen and the vapor of water. The weight of the rust is the sum
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of the weights of the metallic iron, and of the water and oxygen with
which the iron has combined.

Processes by which the whole character and appearance of the
bodies concerned are changed, as in these experiments, so that
essentially new bodies are formed from the old, are chemieal
processes. It is the function of the chemist, on the one hand, to
investigate the action of each substance upon every other, to take
note of the phenomena which attend this action, and to study the
properties of the combinations which result from it; and on the
other, to contrive the resolution of compound bodies into their
simpler constituents. He further seeks the general laws by
which the intimate combinations of matter are controlled. With
these ends in view, the chemist endeavors to pull to pieces, or in
technical language, to analyze, every natural substance on which
he lays hands. Having thus found out the composition of the
substance, he seeks to put it together again, or to recompose it
out of its constituent parts. By one or both of these two pro-
cesses, analysis (unloosing) and synthesis (putting together), the
chemist studies all substances.

3. There are two questions which the chemist asks himself
concerning every natural substance. First, Of what is it com~
posed? With the means at his disposal the chemist may, or may
not, be able to resolve the substance into simpler constituents.
If he succeeds in decomposing it, he obtains the answer to this
first question ; if the body cannot be decomposed by any known
method of analysis, the substance must be regarded as being
already at its simplest. Such simple bodies are called elements.
Secondly, the chemist asks, How does this new substance com~
port itself when brought into contact with other substances already
familiar? There are sixty-five substances which are, at present,
admitted to be simple, primary substances, or elements. Of com-
pound bodies, formed by the union of these elements with each
other, we find a series, numbering many thousands, in the inor-
genic kingdom of Nature, comprising all the diversified mineral
constituents of the earth’s crust; while another series, far more
complex in composition, and almost innumerable in multitude,
exists in the vegetuble and animal world. The task of the
chemist in thoroughly answering his second question would

B2
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olearly be endless, were it not for the existence of general pro-
perties common to extensive groups of both elementary and
compound bodies, and of general laws which chemical processes
invariably obey.

‘While, therefore, the chemist seeks the answers to the two
fandamental questions above stated, he is at the same time
inquiring what relations exist between the properties of a body
and its composition, and he is also studying that natural and
invariable sequence of chemical phenomena, which, when fully
known, will constitute the perfect science of chemistry.

4. Generalizations from observed facts, so long as they are
uncertain and incomplete, are called hypotheses and theories ;
when tolerably complete and reasonably certain, they are called
laws. The attention of the student should be constantly directed
to the keen discrimination between facts and the speculations
founded upon those facts—between the actual evidence of our
trained senses, brought intelligently to bear upon chemical phe-
momena, and the reasonings and abstract conclusions based upon
this evidence—between, in short, that which we may know, and
. that which we may believe. '

CHAPTER L
AIR.

8. We are everywhere surrounded by an atmosphere of invisible
gas, called air. All objects upon the earth’s surface are bathed
with it. In motion, it is wind, and we recognize its existence
by. itse powerful effects; but in the stillest places it exists as
well. :
The presence of air in any ordinary bottle, flask, or other
hollow vessel which is empty, in the sense in which this word is
ordinarily applied, can be shown very simply by attempting to
put some other substance into the vessel, under such conditions
thet the air cannot pass out from it. Or the air can actually be
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pumped out of the bottle; and it can be removed by other means,
both mechanical and chemical.

Erp. 2—Wrap around the throat of a fannel, with narrow outlet,
a strip of moistened cloth or paper, so that the funnel shall
fit tightly into the neck of a bottle. After the funnel has Fig. 2.
been fitted to the bottle, as is shown in Fig. 2, fill it with
water, and observe that this water does not run into the
bottle. The bottle which we have called empty is in reality
filled with air, and it is this air which prevents the water
from entering the bottle. If, now, the funnel be lifted slightly,

#0 that the mouth of the bottle shall no longer be completely
closed by it, the air within the bottle will pase out, and the
water in the funnel will instantly flow down.

6. In order to pump the air out of any hollow vessel, an appa-
ratus known as the air-pump is commonly employed. Descrip-
tions of this machine may be found in the text-books on physics.
For purposes of illustration, a portion of the air can always
be removed by suction, or by mechanically displacing the air by
wme other substance, as when the finger thrusts the air out of a
thimble.

Ezp. 8.—Fit to any small flask or phial a perforated cork (for the
manipulation of corks, see Appendix, § 8), to which has been adapted
a short piece of glass tubing, No. 7. Tie upon this glass tube a short
piece of caoutchouc tubing. Suck part of the air out of the flask, and
then nip the caoutchouc tube with thumb and finger, so that no air
shall reénter. Immerse the neck of the flask in a basin of water, and
release the caoutchouc tube. Water will instantly rise into the flask
to take the place of the air which has been sucked out.

7. The water, in this experiment, is forced into the flask by
the pressure of the superincumbent atmosphere. Air has weight.
It is subject to the law of gravitation, and is attracted towards
the earth’s centre in the same way as other ponderable matter.
It has been found by experiment that a litre of dry air, at the
temperature of 0°, and under a pressure of 760 millimetres,
weighs 12032 gramme. It has also been determined by the
physicists that the force with which the air is attracted to the
earth is on an average equal to a weight of 1-033 kilogramme
to the square centimetre of surface. That is to say, the ocean
of air above us presses down upon every square centimetre of
the earth’s surface with a force equal to that which would be
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exerted by a bar of metal, or other substance, a centimetre square
in section, and long enough to weigh 1:033 kilogramme.

If such a bar were constructed of iron, it would be 1:3 metre
long ; if of water (and a bar of this substance can readily be
made by enclosing the water in a tube), it would be 10-33 metres
long ; if of mercury, 76 centimetres long. A clear conception of
the atmospherio pressure is important to the chemist, because of
its bearing upon the mechanical collection, manipulation, and
measurement of gases.

8. In addition to the qualities already mentioned, we find air
to be tasteless, and odorless, colorless when in small depths, but
exhibiting a blue tint when seen in large masses, as when in the
sbsence of clouds we look at the sky, or at a distant mountain.
Beveral of its properties are not peculiar, but are common to all

_gases. Dry air obeys precisely the law of Mariotte up to a pres-
sure of several atmospheres ; that is to say, its volume diminishes
or increases in proportion to the pressure to which it is sub-
jected; but it has never yet been condensed to a liquid. Upon
being heated one degree centigrade, it expands 5, or in other
terms 0:003685, its volume at 0°. At the temperature of 0°, air
is 773 times lighter than water at 4°; that is, than water at its
maximum density.

These physical properties of air have been enumerated in order
to a distinct acquaintance with this gas, and that we may more
clearly comprehend its chemical propertics as we now proceed to
study them.

9. Of what 18 air composed? When a bar of iron is heated
in the air, as at a blacksmith’s forge, it becomes covered with a
coating, which flies off in scales when the iron is beaten upon the
anvil. If a bit of tin be melted in a shallow crucible, its surface
soon becomes covered with a white earth, or ashes. At a high
temperature both iron and tin slowly durn in the air, and are
converted into earth or ashes. With the exception of gold, silver,
platinum, and a few other exceedingly rare metals, all the metals
burn, or rust, when heated in the air. If no air be present, this
rust or ashes will not be formed, however long or intensely the
metal may be heated. But in what manner is the rust formed ?
Is something driven out of the metal into the air, or does some-
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thing come out of the air and unite with the metal? Experi-
ment shall answer.

Ezp. 4—Place 20 grammes of tin-foil in a porcelain dish,4 or
6cm. in diameter. Counterbalance the dish, with its contents, upon
scales which will turn promptly with 0-5 grm. when thus loaded.
Heat the dish, placed upon the wire gauze of the iron-stand (see Ap-
pendix, § 9), over the gas-lamp moderately and continuously for two
or three hours, or until a large part of the metal has been converted
into ashes. To facilitate the change, move the dish frequently, so
that a new surface of metal shall be often exposed to the air. Replace
the dish, when perfectly cool, upon the pan of the balance, and observe
that the weight of the dish and its contents has very decidedly in-
creased.

A more rapid demonstration may be obtained by substituting for
the tin-foil a piece of magnesium wire or ribbon. This metal takes
fire when touched with a lighted match.

10. It is possible that during the heating the metal may have
lost something, but it is certain that it has gained more. This
additional matter has not come from any alteration in the dish,
for it is made of materials expressly adapted to resist such treat-
ment, and a little cleaning will restore it to exactly its original
oondition. We have, then, taken somecthing out of the air,
which, gaseous in the air, has become solid in the white ashes of
the tin.

If this something with which the tin has united can be sepa-
rated again from the metal, and restored to the gaseous condition,
it will be easy to compare it with common air, and so learn
whether the matter which combined with the heated tin is air
itself, or only a part of the air. It is quite possible to recover -
the gas which enters into the composition of the rust of irom, or
copper, or tin; but the processes required are too circuitous for
the present purpose. From the rust of other common metals,
such as lead, manganese, or mercury, the absorbed gas can be
very easily expelled. The rust of mercury is the most easily
decomposed. Mercury-rust may be prepared by the long heating
of the metal in the air, in a manner strictly analogous to the
method already applied to the preparation of tin-rust.

Ezp. 5—Put into a tube of hard glass, No. 3, about 12 c.m.
long, and closed at one end as in Exp. 1, 10 grammes of the tust of
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mercury, a substance which is sold under the name of red oxide
of mercury. Such tubes of hard glass will be hereafter designated
a8 “ ignition-tubes.” Attach to this ignition-tube, by means of a per-
forated cork, or caoutchouc stopper, &
delivery-tube of glass, No. 8, of such
shape and length that it shall reach
beneath the inverted saucer in the
pan of water, as represented in Fig. 3.
The point of departure, for the con-
struction of the apparatus, is the top
of the gas-lamp placed upon the foot
of the iron-stand ; the end of the ig-
nition-tube should be about 4 c.m.
above the top of the lamp. The
other details of the apparatus may be
learned from the figure.

Upon lighting the lamp, the air within the ignition-tube will ex-
pand, and a portion of it will passout through the delivery-tube. This
air should be collected in a small bottle by itself, and thrown away.
The volume of air thus thrown away should of course not be much
greater than that of the tubes. (For a description of the pneumatic
trough, see Appendix, § 10.)

As the ignition-tube becomes hot, gas will be freely given off from
the red oxide of mercury contained in it. It is necessary to avoid
heating intensely a single small spot of the ignition-tube, lest the glass
soften, and, yielding to the pressure from within, blow outward, and
so spoil the tube and arrest the experiment. The gas-flame should be
80 placed and regulated as to heat 8 or 4 c.m. of the tube at once.
Collect the escaping gas in bottles of 100 to 150 c. c. capacity.

As soon as the disengagement of gas slackens, lift the iron-stand up,
and take the delivery-tube out of the water, taking care that no water
shall remain in the end of the tube. Then, and not till then, extinguish
the lamp. (See Appendix, § 10.) In the upper part of the ignition-.
tube, and sometimes in the delivery-tube also, metallic mercury will be
found condensed in minute globules. The liquid metal is volatile at
the temperature to which it has been subjected, and has distilled away
from the hot part of the tube, and condensed upon the cooler part.

Thus is recovered the metallic mercury from which the red
mercury-rust was originally prepared by long heating in contact
with air. Is the gas, which the mercury originally took from the
atmosphere, air itself, or something different ? .

Ezp. 6.—Intxoduce a lighted splinter of soft wood into & bottle of
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the gas collected in the last experiment. It will burn with much
greater brilliancy than in the air. Attach a bit of wax taper toa
piece of wire ; light the taper, blow it out, and while the wick still
glows, introduce it into a second bottle of the gas of Exp. 5. The
glowing wick will burst into flame, and the taper will burn with ex-
traordinary brilliancy.

11. It is very obvious, from these experiments, that the gas
which enters into the composition of mercury-rust is not air
itself. But since it came originally from the air, if it is not the
whole of air, it must be a part or constituent of air. This gas,
which causes combustible substances to burn with such intensity,
is indeed a constant constituent of the air, and a thorough study of
all its properties will hereafter convince us that it is & chemical
elemeat of very various powers and great importance. Itis called
orygen, and under this name it will form the subject of the next
chapter.

12. Butif oxygen be not air itself, but only a constituent of air,
it follows that air must have other constituents, or at least one
other constituent. If mercury be long heated in contact with a
certain confined portion of air, it will abstract from this air, as we
have seen, one of its ingredients, namely, oxygen, and there will be
left behind whatever of air is not oxygen. This experiment, the
original one by which the illustrious chemist Lavoisier demon-
strated that air is a constant mixture of two different gases,
deserves careful study, both for its philosophical value and its
historical importance. The actual experiment lasts several days,
and is therefore unsuitable for repetition by the student. A
description of it will suffice.

Into a flask, provided with a long neck, some metallic mercury was
introduced ; the neck of the flask was then bent, as shown in Fig 4,
the flask placed upon a furnace, and the end of the neck plunged into
a basin of mercury; a jar was then placed over the end of the tube,
and a portion of the air within the jar was sucked out by means of a
bent tube ; the mercury thereupon rose in the jar, and the point at
which it stood wasaccurately noted. The thermometer and barometer
were also simultaneously observed. Fire was then lighted in the
farnace, and the heat maintained for twelve days at a point just below
that required to make the mercury boil. The mercury became gra-
dually covered with red scales, and the air in the jar, which at first
expanded from the action of the heat, slowly decreased in bulk until
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fresh scales were no longer formed. From these red scales Lavoisier
obtained, by the method already exhibited (Exp. 5), the element oxy-
gen. The residual air in the jar proved, on examination, to be unfit
for the support of combustion and Fic. 4.

of animal life; a candle was in- g

stantly extinguished by it, as if

plunged in water, and small ani-

mals, thrust into the gas, died in

a few seconds. The gas is, in

reality, a second elementary sub- .

stance, distinguished by marked ¢

chemical and physical peculiari-

ties. It is called nitrogen, and

under this name will be more

completely studied in another chapter.

13. The experiment of Lavoisier not only affords the means of
separating the two different gases of which air is composed, but
also determines the propqrtions in which they are mixed in air.
If the diminution in bulk which -the air in the jar undergoes
during the whole progress of the experiment be accurately
measured, it will be found that the bplk of the residual gas, the
nitrogen, is only four-fifths of the original volume of air. The
lost fifth is the oxygen which has combined with the mercury.
The air, then, is not an element, but is compound, and its two
principal ingredients are the elementary bodies oxygen and
nitrogen, mixed in the proportion of four measures of nitrogen
to one of oxygen. It is quite possible to prove by synthesis
what analysis has thus taught. On putting together four mea-
sures of nitrogen and one measure of oxygen, a mixture is ob-
tained, which, except by very refined experiments, is not to be
distinguished from pure air. Aqueous vapor is another normal
constituent of the actual atmosphere, and small traces of other
gases than nitrogen and oxygen are always present in it, as will
be set forth hereafter,
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CHAPTER IL
OXYGEN.

14. Oxygen gas may be prepared by heating red oxide of
mercury, a8 described in Exp. 5; or, far more conveniently, by
heating & mixture of chlorate of potassium and black oxide of
manganese. For the present we have to regard these substances
merely as materials suitable for the preparation of oxygen. Their
constitution will be studied hereafter.

. 7.—Mix intimately 5§ grms. of chlorate of potassium with
6 grms. of black oxide of manganese, which has been previously well
dried. Place the mixture in a tube of hard glass, No. 1,12 or 15 c.m.
in length. Attach to this ignition-tube, by means of a perforated
cork or caoutchoue stopper, a delivery-tube of glass, No. 7, as repre-
sented in Fig 8, and described upon page 8. Heat the mixture in the
ignition-tube and collect the gas which will be given off, in bottles or
jars of the capacity of about 260 c.c. The first 100 c. c. or 80 of gas
should be rejeeted since it will be contaminated with the air origi-
nally contained in the apparatus.

It is easy to determine the moment at which the evolution of oxygen
commences, by noting the increased size of the bubbles of this gas as
contrasted with those of the expanded air, and the greater rapidity
with which the bubbles of oxygen come over., For every grm. of
chlorate of potassium taken, about 230 c. c. of oxygen gas should be
obtained.

Besides the general preeautxons described under Exp. 5, the follow-
ing should here be observed. 1. Both the chlorate of pota.ssmm and
the oxide of manganese should be perfectly dry and pure—that is, free
from moisture, dust, or particles of organic matter. 2. Sosoon as the
oxygen begins to be delivered, the heat beneath the ignition-tube
should be diminished, if need be, and so regulated that the evolution
of gas shall be tranquil and uniform. 8. The uppermost portions of
the mixture should be heated before the lower. 4. An ignition-tube
should never be filled to more than one-third its total capacity, lest
portions of its contents be projected into the delivery-tube. The
chief dangor to be guarded against in using ignition-tubes is the stop-
pege of their outlets with solid matter. 5. The ignition-tube should
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always be inclined as represented in Fig. 8, and never placed upright
in the flame. -

The oxygen thus obtained is to be employed in the experiments
shortly to be described. In caselarge quantities of oxygen are needed,
a similar mixture of equal weights of chlorate of potassium and black
oxide of manganese is heated in a retort of iron or copper, and the gas
is collected in large metallic vessels, called gas-holders, such as are
described in § 11 of the Appendix.

Besides the methods above described, there are many other
ways of preparing oxygen. Several of these methods will be
described hereafter, when the materials employed can be intelli-
gently studied.

15. Oxygen is a transparent and colorless gas, not to be dis-
tinguished by its aspect from atmospheric air. Like air, it has
neither taste nor smell. It is, however, somewhat heavier than
air. If the weight of & measure of air be taken as 1, then the
weight of the same measure of oxygen is found to be 1-1056.
At 0° and a pressure of 760 m.m. of mercury 1 litre of oxygen
gas weighs 1-4298 grm.

Since oxygen is thus heavier than air, it is not absolutely necessary,
in collecting it, or transferring it from one vessel to another, that we
should operate over water, as has been directed. When & gas is much
heavier, or much lighter, than atmospheric air, it may often be con-
veniently collected by displacement. A bottle can readily be filled
with oxygen from the gas-holder by carrying the delivery-tube to the
bottom of the upright bottle, and allowing the gas to flow in slowly,
as if it were water. In a short time the air will be wholly displaced,
and the bottle filled with oxygen. The progress of the operation can
be followed by testing the contents of the upper part of the bottle from
time to time, with a glowing match; when this bursts sharply into
flame the gas may be assumed to be pure enough for all ordinary
purposes.

16. Oxygen has never yet been reduced to the liquid condition.
Of all known substances it exerts the smallest refracting power
upon the rays of light. Compared with that of atmospheric air,
its refractive power is as 0-830 to 1:000. The specific heat of
oxygen, compared with that of an equal weight of water taken as
unity, is 0-2182; it has a lower capacity than other gases for
absorbing and radiating heat. Water dissolves it in small pro-
portion; 100 volumes of water dissolve, at the ordinary tempera-
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ture, about 3 volumes of oxygen. It exhibits decided magnetic
propeg@es. A glass tube filled with oxygen and suspended by a
fibre of silk between the ends of a strong horse-shoe magnet soon
comes to rest in such a position that its long axis is parallel to a
line drawn between the two poles. As with iron, its susceptibi-
lity to magnetization is diminished, or even temporarily suspended,
by a sufficient elevation of temperature. Its magnetic force, com-
pared with that of the air, is as 175 to 3-4, that of a vacuum being
taken as 0. .

17. A striking characteristic of oxygen is its power of sup-
porting combustion. This has already been illustrated in Exp. 6,
and may be further exhibited by a great variety of experiments.

Ezp.8—Place in a deflagrating spoon (see Appendix, Fie. &
§19), a bit of sulphur as large as a pea. Light the sul- &
phur, and thrust it into a bottle of oxygen. It will burn
with a beautiful blue flame, and much more brilliantly -
than in air. An acid, suffocating gas is produced.

Ezp. 9.—Place a piece of charcoal, that of bark is
best, in a deflagrating spoon. Kindle the charcoal by
holding it in the flame of a lamp, and then introduce it
into a bottle of oxygen. It will burn vividly, throwing
off brilliant sparks if bark charcoal has been employed.

In this experiment, as in the preceding, the products of the com-
bustion are obviously gaseous, no eolid substance being formed.

Ezp. 10.—A piece of phosphorus, the size of a small pea, having
been well dried between pieces of blotting-paper, is placed in a defla-
grating spoon, touched with a hot wire or a lighted match, and then
thrust into & jar of oxygen. It will burn with intense brilliancy and
the formation of & dense white smoke.

It should be observed that phosphorus is a substance which inflames
very readily in the air, when subjected to friction or any slight eleva-
tion of temperature. It is hence so dangerous that it must always be
kept under water. It should also be cut under water.

18. Many substances commonly called incombustible, becanse
they do not burn readily in ordinary air, burn vigorously in
oxygen. Of these, metallic iron may be taken as an example.

Ezxp. 11.—Convert two-thirds of a piece of fine piano-wire 20 or
%0 c.m. long into a spiral, by winding it tightly around a glass rod,
No. 8, or lead pencil, and then withdrawing the rod or pencil. Thrust
the straight end of this wire into a cork or piece of thin board large
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enough to cover one of the bottles of oxygen obtained in Exp. 7.
Upon the lower end of the wire coil tie a small piece o ed
thread, or touch with a bit of melted sulphur the end of the spiral, so
that a small bead of sulphur shall adhere to the wire. Kindle the
thread or sulphur, and quickly place the wire in a bottle of oxygen, at
the bottom of which has been spread a layer of sand.

The burning sulphur heats the iron to redness, which then burns
brilliantly, with scintillation.” From time to time, glowing balls of
molten matter fall off from the wire, and bury themselves in the sand
at the bottom of the bottle, or even melt into the glass.

If an abundance of oxygen be at hand, this experiment had better
be performed in a jar of 2 or 3 litres capacity,—a watch-spring which
has been rendered flexible by igniting it, and then allow-
ing it to cool slowly, being the best material with whichto Fig. 6.
form the spiral coil. In this case it is well to tie a bit of
tinder upon the end of the coil as the kindling material, or
to attach a piece of twine to the wire, and soak this in
sulphur. But the experiment succeeds well even in very
small bottles of oxygen, provided the wire be fine, and
that the quantity of sulphur, or other matter, employed
for kindling be not too large.

19. This experiment clearly proves what has been already
stated, that iron, when red-hot, combines with oxygen. It is
the burnt or oxidized iron which falls in globules to the bottom
of the bottle. This substance is called oxide of iron. The com-
pounds which are formed by the union of oxygen with other
elements are called oxides. The substances which have been
heretofore mentioned under the more familiar name of rust, like
iron-rust, tin-rust, mercury-rust, are called in chemistry oxides
—as the oxide of iron, oxide of tin, and oxide of mercury.

20. It will have been observed that the combinations obtained
in the foregoing experiments are of very various quality. Some
of these compounds are solid, others gaseous; some are acid and
caustic, while others are tasteless and innocuous. They agree
only in this, that they all contain oxygen. All these bodies will
be studied in detail hereafter. It concerns us now more particu-
larly to realize the number and variety of the bodies into which
oxygen enters as an essential ingredient. In fact, the most
important quality of oxygen is that, with & single exception, it
unites with all the other elements to form compounds.
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This act of combination is often accompanied by development
of light and heat, as in the foregoing experiments; in the
affairs of common life we daily witness similar effects. All the
ordinary phenomena of fire and light depend upon the union of
, the body burned with the oxygen of the air. Indeed, the term
combustion may for all ordinary purposes be regarded &s synony-
mous with ozidation.

Combustion is less vivid in air than in pure oxygen, because
of the nitrogen with which the oxygen of the air is diluted. If
a substance combines slowly with oxygen, it may often happen
that no evolution of heat or light can be detected. Thus, when
a small piece of iron rusts at the ordinary temperature of the air,
there is perceived neither light nor heat, although a combination
of iron and oxygen has been formed, as in Exp. 11. Heat is
really disengaged in the slow rusting of irom, as in every act of
chemical combination, but it is taken up and carried away by the
tircumambient air at the moment of its formation, so that it can-
not usually be perceived. Slow oxidation, such as this, is often
spoken of as slow combustion.

21. Many of the compounds of oxygen are very familiar
bodies. Indeced, oxygen is the most widely diffused and the most
abundant of all known substances. Not only does it occur in
the air, of which it constitutes about one-fifth the volume, as has
been already remarked, but at least one-third of the solid crust
of the globe is composed of it. It is the chief ingredient of
water, as will appear in a subsequent chapter. It enters largely
into the composition of plants and animals. Silica, in all its
varieties of sand, flint, quartz, rock-crystal, &ec., contains about
half its weight of oxygen, and the same is true of the various
kinds of clay, and of chalk, limestone, and marble. Oxygen is
absolutely essential to the maintenance of animal and vegetable
life. The chemistry of the respiration of animals depends upon
the absorption of oxygen from the air respired. In the absence
of oxygen suffocation ensues,

t
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CHAPTER III

NITROGEN.

22. The common modes of obtaining nitrogen depend upon
the removal of oxygen from the air,

Ezp. 12.—Fill & tube of hard glass, No. 2, about 85 centimetres -

long, with bright, not too coarse, copper turnings; place this tube
upon a semicylindrical trough of sheet iron, and support it upon a
ring of the iron stand, as shown in Fig. 7. It is well to interpose a
thin layer of asbestos between the tube and the iron trough, in order
to prevent the glass from adhering to the metal when it becomes soft
by heat. By means of corks, attach to one end of this tube a delivery-
tube leading to the water-pan, as shown in the figure, and connect the

Fig.7.

other end with a gas-holder filled with air. Light the lamps (for a
description of these, see Appendix, § 5) beneath the tube which con-
tains the copper turnings, and wait until the copper has become red-
hot ; then allow air to flow slowly out of the gas-holder over the hot
metal. The heated copper will combine with the oxygen of this air,
and retain the whole of it, so that nothing but mtmgen will be delivered
at the water-pan. This nitrogen may be collected in small bottles and
tested with lighted splinters of wood, which should be instantly ex-
tinguished on being immersed in it.

23. A still simpler method of preparing nitrogen is to burn
out the oxygen from a confined portion of air, by phosphorus, or

by a jot of hydrogen.
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Ezp. 13.—Float a small porcelain capsule upon the surface of the
water-pan ; a large cork must be placed beneath the capsule if the latter
will not float of itself. In the capsule put about a cubic centimetre of
phosphorus, and set it on fire. Invert over the whole a wide-mouthed
bottle, of the capacity of a litre or more, and hold this bottle so that
its mouth shall dip beneath the surface of the water. During the first
moments of the combustion, the heat developed thereby will cause the
air within the bottle to expand to such an extent that a few bubbles
of the air will be expelled; but after several seconds water will rise
into the bottle to take the place of the oxygen which has united with
the phosphorus.

The dense white cloud, which fills the bottle at first, is & compound
of phosphorus and oxygen which is soluble in water. It will, there-
fore, soon be absorbed by the water in the pan, and will disappear, so
that at the close of the experiment nearly pure nitrogen will be left
in the bottle. But, as the phosphorus ceases to burn before the last
traces of oxygen are exhausted (compare § 180), the nitrogen obtained
by this method is never absolutely pure.

As soon as the phosphorus goes out, the bottle should be shaken in
such a way that the porcelain capsule may be upset, and sunk in the
water-pan.  The properties of the nitrogen may now be examined.

24. Nitrogen is a transparent, colorless, tasteless, odorless,
incondensable gas. 1t is not quite so heavy as air. If a mea-
sure of air weigh 1 gramme, then an equal measure of nitrogen
vill weigh 0-9714 gramme. At 0°, and a pressure of 760 milli-
metres of mercury, 1 litre of nitrogen weighs 1:256 gramme,
The specific heat of the gas is 0-244, that of an equal weight of
water being 1:000. °A litre of water at 0° dissolves only 20 cubic
centimetres of nitrogen. Its refractive power in regard to light
is to that of atmospheric air as 1:034 to 1-000.

25, In its chemical deportment towards other substances, nitro-
gen is remarkably different from oxygen. Whilst oxygen is
active and, as it were, aggressive, nitrogen, at least when in the
condition in which it exists in air, is remarkably inert and
indifferent as regards entering into combination with other
bodies. It is marked rather by the absence of salient character-
istics than by any active properties of its own. Many of the
metals, sulphur, phosphorus, and numerous other substances, may
be kept unchanged for any length of time in vessels filled with
nitrogen. A burning candle will instantly be extinguished when

o
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thrust into & jar of nitrogen gas, for with the nitrogen the con-
stituents of the candle have no tendency to combine.

As it extinguishes flame, so it destroys life. Animals cannot
live in an atmosphere of pure nitrogen. It may, indeed, be
breathed for a short time with impunity, but it does not support
respiration. It is not poisonons; if it were, it could not be
breathed in such large quantities as it is in air. An animal im-
mersed in it dies, simply from want of oxygen.

26. As a diluent of the oxygen in the air, nitrogen is essential
to the existing balance and order of Nature. All animal and
vegetable life—most inanimate matter, even—stands in harmo-
nious relations with the chemical composition of the atmosphere.
The presence of so large a proportion of nitrogen in the air pre-
vents the too rapid action, as regards combustion and respiration,
that would take place in an atmosphere of unmixed oxygen.

Nitrogen is widely diffused in nature. Besides occurring in
the air, it is a constituent part of all animals and vegetables, and
of many of the products resulting from their decomposition.
Notwithstanding the indisposition of nitrogen in the free state to
enter into combination, a very large number of interesting and
important compounds can be formed by resorting to indirect
methods of effecting its union with other elements,

CHAPTER IV.

WATER.

27. Another natural substance, quite as common as air, is
water. Three-fourths of the earth’s surface is covered with it.
It is diffused through the atmosphere in the form of vapor, and
is a constituent of all animal and vegetable substances, and of
many minerals. We take up next this familiar substance, in
order that we may gain, through the study of it, a deeper insight
into chemical principles, and enlarge our experience by making
acquaintance with a new element. Let us first define with pre-
cision the external and physical properties of water, and then
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apply the two chemical methods, of analysis and synthesis, to the
closer investigation of its essential nature.

28. At the ordinary temperature of the air, pure water is a
transparent liquid, devoid of taste or smell. In thin layers it
appears to be colorless, but large masses of it are distinctly blue,
as seen in mid-ocean, in many deep lakes of pure water, and in
masses of ice, such as icebergs and some glaciers where it is pos-
sible to look through the ice from below. .

This color can be seen upon the small scale by looking down through
a column of pure water, 2 metres long, upon pieces of white porcelain.
The water may be held in a glass tube, 5 c.m. wide, which has been
blackened internally with lamp-black and wax to within 1:25 c.m. of
the end, which is closed by a cork. Fill the tube with chemically
pure water, throw into it a few pieces of porcelain, and place it in a
vertical position, on a white plate. On now looking through the co-
lumn of water at the bits of porcelain, which can only be illumined by
light reflected from the white plate through the rim of clear glass, it
will be observed that they exhibit & pure blue tint, the intensity of
which will diminish in proportion as the column of water is shortened.
The blue coloration may also be recognized when a white object is
illuminated through the column of water, by sunlight, and seen at
the bottom of the tube through a small lateral opening in the black
coating.

29. At 4°, the temperature at which it is depsest, water is
773 times heavier: than air at 0°; at 15° it is 819 times heavier
than air of the same temperature. A cubic centimetre of water
atits gr'eataest density, that is, at 4°, weighed in a vacuum, is our
unit of weight—a gramme. One litre of water, which measures
1000 cubic centimetres, therefore, weighs a kilogramme. Water
is compressible and elastic; by the pressure of one atmosphere it
can bereduced to the extent of about 47-millionths of its original
volume, and this is true for every added atmosphere of pressure
w far as experiment has extended. Water expands upon being
heated, though at a less rate than other liquids; the rate of ex-
pansion increases with the temperature. Notwithstanding the
fact that water expands when cooled below 4°, as well as when
warmed above that temperature, its refractive power on light
contimues to increase regularly below 4°, as though it contracted.
The refractive index imcreases continuously between -5-2°

’ c2
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and —1-3° the direction of the variation not changing in the
passage through the point of maximum density. At 0° the index
is 1-333.

80. Pure water at 0°, a temperature always to be obtained by
melting ice, is taken as a standard to which the weights of equal
bulks of other substances, liquid or solid, are referred. In other
words, the specific gravity of water is taken as 1; and in terms
of this unit the specific gravities of all other liquid and solid sub-
stances are expressed. The specific gravity of gold, for example,
is 19-3; that is to say, the weights of equal bulks of water and
of gold are to one another as 1 to 19:3. ‘

31. Water is also the standard of specific heat. By specific
heats are meant the relative capacities for heat of the same
weights of different substances, at the same temperature. For
example, to raise 1 kilogramme of mercury from 0° to 1° requires
only one-thirtieth of the quantity of heat necessary to raise 1 kilo-
gramme of water from 0° to 1°. Water having been made the
standard of specific heat, its capacity for heat is denoted by 1,
and that of mercury will accordingly be 0-033. At the same
temperature, and for equal weights, water has a greater capacity
for heat than any solid or liquid known. Hence it results that
the specific heats of all solid and liquid substances are expressed
by fractions.

Water conducts heat very slowly; it may be boiled many
minutes at the top of the test-tube, which is held all the while
by the lower end, in the fingers, without inconvenience.

32. When exposed to a certain degree of cold, water crystal-
lizes, with formation of ice, or snow, according to circumstances;
and upon being heated sufficiently it is transformed into an
invisible gas, called steam. Both these changes, however, are
purely physical, and therefore do not fall within the province of
this manual. The chemical composition of the water is the
same, whether it be liquid, solid, or gaseous. The temperature
at which ice melts is one of the fixed points of the centigrade
thermometer, numbered 0°, and the temperature at which water
boils, under a pressure of 76 c.m. of mercury, is the other fixed
point, numbered 100°. Water evaporates at all temperatures,

and is therefore a constant ingredient of the atmosphere. Even
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ice slowly evaporates, at temperatures far below 0°, without first -
passing into the liquid condition.

In crystallizing, that is to say, in assuming the solid form,
water increases in volume. The epecific gravity of ice is only
0-916, which is equivalent to saying that, in the act of freezing,
918 c. c. (cubic centimetres) of water will be changed into a litre
of ice. From this fact result many familiar phenomena, such as
the floating of ice, the upheaving and disintegrating action of
frost, and the bursting of pipes and other hollow vessels when
water is frozen in them. The crystals of ice belong to the so-
called hexagonal system ; they are six-sided prisms, with regular
faees ; by agglomeration they produce stellar and fern-like forms
of infinite variety and great beauty. Ice is a slow conductor of
heat, and a non-conductor of electricity. It becomes electric by
friction.

Steam is & colorless, transparent gas, as invisible as atmo-
spheric air. It is lighter than air, the weight of any given
volume of steam, at the ordinary temperature, being to that of
the same volume of air as 0-622 to 1, a ratio deduced by calcula-
tion from the composition of steam. At 100°, the boiling-point
of water, the ratio of the weights of equal volumes of steam and
air is 0-455 to 1, and one volume of water furnishes about 1700
volumes of steam of 100°. When steam is heated by itself, with-
out the presence of any liquid water, it is called superheated
steam; but when there is water present, so that no excess of
heat can accumulate in the steam, above the quantity needed for
its formation under the pressure at which it exists, the steam is -
called saturated, meaning saturated with water. When steam
escapes into the air, there is formed a multitude of little bubbles
or vesicles, composed of a film of water filled with air, precisely
similar to the vesicles seen in clouds and fogs. This steam-cloud
is sometimes improperly spoken of as steam or vapor, an error
against which the student should be upon his guard. Similar
fogs of air-filled vesicles are formed whenever the atmosphere is
cooled to a temperature so low that the aqueous vapor contained
in it can no longer exist in the gaseous state. —

33. Let us pass now to the analysis of water. Of what is
water composed? We can determine this point by imethods
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similar to those which were adopted in the examination of air.
There are several metals which, upon being brought into contact
with water, will abstract from it one of its ingredients, in the
same way that we have seen them abstract oxygen from the air.
Some metals can abetract this ingredient even at the ordinary
temperature. Thus the metal called sodium, on being brought
into contact with water, decomposes it, and, uniting with one of its
constituents, sets free another as a gas. This new gas is called
Hydrogen.

Ezp. 14.—Make a small cylinder of wire gauze by rolling a piece of
fine gauze, about 6 c.m. square, around a thick piece of No. 6 glass
tubing. Twist fine wire around the cylinder in order to preserve its
form, then slip the cylinder off the glass, and close one end of it by
pressure with a stout pair of pincers. Within this cylinder of wire
gauze place a piece of metallic sodium as large as a small pea, and
then close the upper end of the cylinder by pressure with the pincers,
as before. Quickly place the wire gauze cylinder under the mouth of
a small bottle of 100 or 200 c. c. capacity, which has previously been
filled with water and left inverted in the water-pan.

As soon a8 water comes in contact with the sodium, bubbles of gas
will issue from the wire gauze cage, and, rising through the water,
will collect at the top of the inverted bottle. If no gas is generated
during the first moment after the wire gauze has been placed in the
water, move the bottle to and fro, in such manner that the gause
cylinder may be shaken about, and water forced through its interstices.
As soon as the evolution of gas has ceased, close the mouth of the
bottle with a small plate of glass, turn it mouth uppermost, remove the
plate, and touch a lighted match to the gas. The gas will take fire
with a sudden flash.

34. At a low red heat water can be decomposed by several of-

the metals, such as iron, tin, ginc, and magnesium. Iron is well
adapted for this experiment.

Ezp. 15.—Provide a piece of iron gas-pipe, about 35 c.m. long, and
1c.m. or more in internal diameter; fill it with small, bright iron-
turnings, and support it upon a ring of the iron stand over one or two
wire-gauze gas-lamps. By means of perforated corks, connect with
the iron tube, on the one hand, a glass delivery-tube leading to the
water-pan, as shown in the figure, and, upon the other, a delivery-tube
coming from a thin-bottomed glass flask, half full of water, and sup-~
ported upon a ring of a second iron stand. Light the lamps beneath
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the iron tube, and wait until its contents have become red-hot; then
heat the water in the flask until it boils slowly., As the aqueous

vapor passes over the hot iron-turnings it will be decomposed, one of
its constituents will unite with the iron, and hydrogen will pass off
through the delivery-tube and may be collected in bottles at the
water-pan, so soon a8 the air originally contained in the tubes and
flask has all been expelled.

If, at the close of this experiment, and after the tube has become
cold, the iron be removed from the tube, it will be found to be co-
vered with a black coating similar to that which forms on iron heated
in the air.

35. By these experiments it has been proved that one of the
components of water is a gas called hydrogen. But with the
exception of the coating upon the iron of Exp. 15, we have as
yet nothing to indicate what other ingredients the water may
contain. Buch evidence can, however, be readily obtained by
resorting to another method of analysis. If a galvanic current is
caused to flow through water, the force by which the constituents
of the water are held together will be overcome, and the water
will be resolved into the elements of which it is composed. On
immersing the platinum poles of a galvanic battery in water, to
which s little sulphuric acid has been added for the purpose of
increasing its conducting-power, minute bubbles of gas will im-
mediately be given off from these.poles, and will be seen rising
through the liqnid. We have here abundant proof of the power-
ful action exerted by the battery upon the water. But the ex-
periment will be much more satisfactory if it be made in a
vessel so arranged that the evolved gases may be collected for
examination,
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For this purpose the apparatus shown in Fig. 9 can be
conveniently employed. The test-glass, nearly full of
water which has been mixed with from }; to } of sul-
phuric acid, carries two platinum wires cemented with
shellac into the glass. These wires terminate above in
thin plates of platinum; over each of these plates there
is inverted a long, narrow testtube full of water, acidu-
lated in the same way as that in the test-glass. Upon
connecting the wires with a galvanic battery,— two
Bunsen’s cells of medium size will be sufficient,—the
water will be decomposed, and the resulting gases, as
they are given off at the platinum plates, will rise, trans-
parent and colorless, into the test-tubes. On comparing
the bulks of the two gases, it will be found that twice as
much gas has collected in the one tube as in the other.
If the test-tube containing the larger volume of gas be
now closed with the thumb, turned mouth uppermost,
and the gas within touched with a lighted match, it will take fire
and burn with the characteristic flame of hydrogen. It is, in fact,
hydrogen.

If the smaller volume of gas in the other tube be examined in the
same way, it will not inflame, although it gives intense brilliancy to
the combustion of the match. If a splinter of wood, retaining but a
single ignited spark, be immersed in the gas, it instantly exhibits a
vivid incandescence, and in a moment bursts into flame. This gas is
oxygen. It is thus proved that out of water may be unloosed two
volumes of hydrogen and one volume of oxygen.

If now the platinum plates be pressed so near together that a single
large test-tube, full of acidulated water, can be placed over both, the
gas obtained by passing the galvanic current will exhibit properties
differing from those of either hydrogen or oxygen. It is in fact &
mechanical mixture of these gases in the proportions in which they
would unite chemically to form water. The mixture is precisely
similar to that which would have been obtained if the two volumes of
hydrogen and one volume of oxygen, previously collected in two sepa-~
rate tubes, had been mixed in ome. On touching a lighted match to
the mixed gas it instantly explodes with great violence, the hydrogen
burning suddenly, so that for a8 moment a flash of flame fills the whole
interior of the tube. Incited by the burning match, the hydrogen and
oxygen have combined chemically to form water, a portion of which
is deposited as dew upon the inner walls of the tube.

At the temperature of the air, and under ordinary m-
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stances, oxygen and hydrogen do not combine chemically. Upon
being brought together they simply mix with one another mecha-
nically in conformity with the physical laws which govern the
diffusion of gases. But under the influence of heat, of electricity,
and of certain other agents, the two gases will unite chemically,
and will thus again be converted into the water from whieh they
were derived.

36. It remains to be investigated whether hydrogen and oxy-
gen, during their conversion into water, undergo any change of
volume, or merely combine to produce a measure of gaseous
water exactly equal to the sum of the measures of the consti-
tuents. To determine this point it is necessary to compare the
joint volumes of the constituents of the water with the volume of
the product formed, at a temperature high enough to maintain
the latter in the purely gaseous condition known as dry steam.

Through the closed end of a U-tube (Fig. 10) two platinum wires are
passed, and welded tightly to the glass walls of the tube. The outer
ends of these wires are formed into loops for the attachment of appro-

Fig. 11.

Fig. 10.
» Q 3

priate battery wires; their inner ends are separated by a distance of
two millimetres, The general arrangement of the apparatus to be
employed is shown in Fig. 11. The U-tube is first completely filled
with mercury, and then the screw-compressor (Appendix, § 18) at a
is opened so as to afford a gradual exit to the metal in the open limb.
By means of a delivery-tube reaching down the open limb to the bend
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of the tube, we introduce from s gas-holder (see Appendix, § 11) e
quantity of a mixture of oxygen and hydrogen, mede in the propor-
tions in which they form water,—namely, two-thirds hydrogen, and
one-third oxygen,—in such a manner that the gas shall bubble up
through the mercury into the sealed limb, from which, of course, the
ercury escapes as the gas enters. A column of gas 25 or 30 c.m.
high is thus admitted.

It must be borne in mind that this mixture of hydrogen and oxygen
is very explosive ; fire should be carefully kept away from the vicinity
of the gas-holder which contains it, and any remnant of the mixture
which is not used should be thrown away at the end of the experiment.

The gas-filled limb of the U-tube is next surrounded by a high glass
cylinder, 4 ¢, the ends of which are fitted with corks; through the
lower cork pass the U-tube, and a small glass tube, which is connected
with a condensing worm, d, kept cool with water; through the upper
cork pass the wires which are to carry the electric current to the pla-
tinum points at the top of the U-tube, and a bent glass tube coming
from the flagk, e. The top of the cylinder 6 ¢ rises about 5 c.m. above
the sealed extremity of the U-tube. In the flask e, fusel oil, a liquid
which boils at 182°, a point much higher than the temperature at
which water becomes a gas, is kept in constant ebullition. The vapor
rising from the flask penetrates the annular space between the U-tube
and the enclosing cylinder, and quickly raises the tube to its own tem-
perature. These strong-smelling vapors are not allowed to escape into
the atmosphere, but are carried out from the bottom of the cylinder
b ¢, into the condenser d.

‘When thus heated, the column of mixed oxygen and hydrogen in
the tube expands, and its height is marked by a caoutchouc ring, pre-
viously slipped over the cylinder b¢. Care must be taken, before doing
this, to bring the mercury to the same level in both limbs of the U-
tube, by adding or withdrawing mercury as may be required. A few
centimetres of mercury are next poured into the open limb, which is
then closed with a good cork. Between this cork and the mercury
intervenes a column of air, 8 or 10 c.m. in length, which will act as a
spring, and break the shock caused by the explosion of the mixed
gases. This mixture is now to be inflamed by causing an electric
spark to pass between the platinum points within the tube. This
spark may be obtained from a Ruhmkorff coil, or from an electrical
machine. The gases instantly rush into combination, with an intense
energy which produces the phenomensa called explosive, and at the
high temperature which exists within the tube (132°) the water
formed retains the gaseous condition. On removing the cork, and
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allowing the mercury to flow through the screw-compressor until it
is level in both limbs of the U-tube, it becomes obvious that the ori-
ginal volume of the gaseous mixture is diminished by one-third; the
residuary two-thirds are dry steam. If the U-tube is allowed to cool,
this steam will condense into liquid water.

Figs. 12 and 13 represent another form of apparatus for performing
this important experincent. In Fig. 12 the U-tube of Fig. 11 is replaced

Fig. 12.

_ Fig.14
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by an iron U, such as is used in connecting parallel steam-pipes, into
which two straight glass tubes are fitted by means of caoutchoue
stoppers. One of these tubes is closed at one end, carries two platinum
wires, and may be gradusted with adva.ntage, the other is a plain
tube open at both ends. The iron U is fastened to a solid iron foot,
and into its side a small iron tube is inserted, to which is attached a
caoutchouc connector with a screw compressor, as in the other appa-



28 SYNTHESIS OF WATER.

ratus. The jacket-tube (Fig. 18) is a large tube, open at the bottom
and closed at the top with a caoutchouc stopper carrying the delivery-
tube for the hot vapor; near the bottom an exit-tube for the vapor is
welded into the glass. This jacket-tube, when in position, slips
tightly over the same caoutchouc stopper through which passes the
graduated tube. The advantages of this apparatus are that its parte
are not rigid, that it may be taken apart for cleaning, and that it may
be made with greater ease and fewer resources than the other appa-
ratus. It if, moreover, capable of very general application in the
analysis of gases. Fig. 14 shows the ease with which the closed limb
of the U-tube in this apparatus may be charged. The closed limb and
the iron U being full of mercury, and the apparatus placed in an iron
pan suited to catch the overflow of mercury, the long open tube is
taken away, and the bent gas-delivery tube is inserted beneath the
closed limb through the iron U. The iron U acts simply like the
water-pan or pneumatic trough. 'When the required amount of gas
has been introduced, the open glass tube is replaced, and the level of
mercury in the two tubes is adjusted at will. For the experiment
now under consideration, it is well to employ the actual mixture ot
gases obtained by the electrolysis of water; and Fig. 14 represents a
simple bottle provided with two platinum plates and & single delivery-
tube for this purpose. The gas evolved is dried by passing over an
absorbent called chloride of calcium in a “drying-

tube”” (Appendix, § 15). The only noticesble feature  Fig. 15.

in this apparatus for electrolysis is the manner in which
the wires from the battery are connected with the pla-
tioum plates. This is more clearly shown in Fig. 15.
There passes through the caoutchoue stopper a short
piece of glass tubing, open at the top and drawn to a
point at the lower end, 80 as to enclose and hold tightly
a piece of platinum wire, a8 large as a common knit-
ting-needle, previously placed within it. With the wire
thus welded to the glass is connected a thin plate of
platinum, which hangs in the liquid to be decom-
posed; this plate may be folded or rolled up. A little
mercury is poured into the glass tubes, and the battery-wires are
simply placed in the mercury when the operator desires to.start the
decomposition.

This experiment demonstrates that two volumes of hydrogen
and one volume of oxygen are compacted, when chemically
united, into two volumes of steam.

87. We have thus established the composition of water by
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analysis, having, through the agency of the electric current, re-
solved water into two gaseous constituents, hydrogen and oxygen,
and we have also demonstrated, by the converse or synthetical
method, that hydrogen and oxygen are its only constituents,
since we have reproduced water by effecting the chemical union
of these two elementary materials mixed in due proportion.

If equal volumes of hydrogen and oxygen be represented
by equal squares, having the initials of the elements inscribed
therein, the composition of water by volume, and the condensa-
tion which occurs when the chemical union of the elements takes
place, may be thus expressed to the eye:

Each smallest possible or
greatest conceivable volume of | J1
steam will invariably yield, on
decomposition, its own volume
of hydrogen, and half its vo- | H
lume of oxygen.

38. It has been agreed to call by the name * atom” the smallest
quantity of an element which can be conceived to exist in com-
bination ; this technical term is applied only to the chemical
elements, and to certain chemical knots, or groups, of elements,
which, under conditions hereafter toe be studied, play the part of
an element.

It has farther been agreed among chemists to call by the
name ¢ molecule,” the least quantity of a compound, or of an
element, which can exist by itself uncombined, or take part in
any chemical process; a molecule always contains more than
one atom, but these atoms may be either of ome, two, or of
several kinds.

39. Physical experiments upon the expansion and contraction
of numerous gases, simple and compound, have proved that all
gases comport themselves in sensibly the same manner under
like variations of temperature and pressure; whence it has been
inferred that the intimate mechanical structure of all gases, ocom-
ponnd as well as mmple, is the same. This theoretical concep-
tion is expressed in the following propositions, of which the
second is the more general and includes the first :—

+ 0l = H’O
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The elementary gases contain, under like conditions of tem-
perature and pressure, equal numbers of atoms in equal vo-
lumes.

Equal vrlumes of all gases, whether simple or compound, con-
tain under like conditions, the same number of molecules.

The idea of an atom is complete and independent in itself ; the
idea of a molecule is partly a consequent of the idea of an atom,
and partly of the physical facts which the definition helps to
formulate.

These definitions and hypotheses have found acceptance, partly
on the strength of experimental evidence, partly because of their
adaptation to the math®matical mode of investigating physical
problems which border on the domain of chemistry, but chiefly
on account of the clearness and formal consistency which they
have imparted to chemical language and modes of thought.
Chemical symbolization and nomenclature are mainly based on
the above definitions and hypotheses, which therefore justly de-
mand the student’s closest attention. Let us apply them to the
chemical compound, water.

40. The molecule of water, or least quantity of water which is
conceived to exist by itself, must yield, like any other quantity
when resolved into its elements, twice as large a volume of hydro-
gen as of oxygen. In accordance with the physical hypothesis
above explained, the molecule must consequently contain twice
as many atoms of hydrogen as of oxygen. The bulk and weight
of the molecule and atom are not absolute quantities, on account
of their assumed infinitesimal character. None but relative facts
can be known touching these hypothetical quantities, which are
both less than any assignable quantity, although one must be
smaller than the other. We shall express in the simplest terms
all our actual knowledge of the matter, and shall at the same time
conform to our definitions, in saying that a molecule of water
contains two atoms of hydrogen and one atom of oxygen. The
symbol H,0 which we have already used to indicate the volume-
tric composition of water (§ 37) will now receive an added mean-
ing ; the H will represent for us an atom of hydrogen, and the O
an atom of oxygen.
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When the proportions in which two bodies combine by volume,
and their specific gravities, or equal-volume weights, are known,
it is a matter of easy calculation to determine the proportions in
which they combine by weight. The specific gravity of oxygen,
orits density compared with that of air, has alreadyubeen given,
namely, 1:1056. The specific gravity of hydrogen likewise referred
to air as the ternr of comparison, has been found by the most exact
experiments yet made to be 0:06926. Oxygen is therefore 16
times heavier than hydrogen. If hydrogen be made the standard
of specific gravity for gases, its specific gravity will be denoted
by 1, and that of oxygen will be 16. Now any measure of dry
steam is, as we have seen, resolvable into its own measure of
hydrogen and half that measure of oxygen ; the weights of equal
measures of hydrogen and oxygen are as 1 to 16; but there is
twice as much hydrogen as oxygen in bulk, therefore the weight
of the hydrogen generated from any quantity of water, small or
great, is to the weight of the oxygen simultaneously produced, as
21016. In 18 parts by weight of steam, water, or ice, there are
then 2 parts by weight of hydrogen and 16 of oxygen: and it
matters not what the absolute weight of these parts may be ; the
proposition is as true of kilogrammes as of grammes, of the milli-
gramme as of the millionth of the milligramme of water, in either
of its physical states.

Applying these facts of observation te our abstract definitions
of molecule and atom, it will appear that the molecule of water,
the least proportional weight in which it is conceived to exist
uncombined, must be composed, like any other mass of water, of
2 parts by weight of hydrogen, and 16 parts by weight of oxygen;
but in conformity with our definitions and hypotheses we conceive
of the molecule as consisting of two atoms of hydrogen and one
of oxygen ; one proportional part by weight of hydrogen is then,
in chemical language, synonymmus with orie atom of hydrogen, and
16 of the same parts by weight is the relative quantity of the
atom of oxygen. As for volume, so for weight, absolute quantities
are entirely unattainable ; the numbers express proportions only.
The numbers 1 and 16 are called the atomic weights of hydrogen
and oxygen respectively ; they express the proportions by weight
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in which these two elements enter into combination. If these
numbers be borne in mind, the symbol of water, H,0, will always
remind us that water consists of 1 part by weight of hydrogen
and 8 parts of oxygen.

That any given weight of water, as for example one gramme,
is one-ninth hydrogen and eight-ninths oxygen, is a fact capable
of experimental demonstration. It is not difficult to decompose
a convenient weight of water, and to actually weigh separately
the hydrogen and the oxygen which are produced; the weights
of the two gases will invariably be to each other as 1 to 8 or as
2 to 16. The great value of the symbols used in chemistry may
be well illustrated by the amount of information condensed into
the concise expression H,0: we learn from it the number and
names. of the elements entering into the composition of water, and
the ratios in which the elements are united by volume and by
weight.

41. This discussion of the constitution of water rests upon two
solid facts of observation, namely the composition of water by
volume and its composition by weight ; all else is plausible hypo-
thesis and convenient theory. The strong chemical compound,
water, admirably illustrates the essential changes which the ele-
ments undergo, when they are joined together by that peculiar
force whose playit is the object of chemistry to study. Nothing
can be more striking than the contrast between the properties of
hydrogen and oxygen gases, or of a mechanical mixture of these
elements, and those of the liquid water which is produced by their
chemical union; even in dry steam, a prominent property of
hydrogen (inflammability) and a marked characteristic of oxygen
(power of supporting combustion) entirely disappear. In mecha-
nical mixtures the constituents may be mingled in any propor-
tions; in chemical compounds the elements are forcibly united
in definite volumetric and ponderal proportions, and the indivi-
duality of the elements is lost in the formation of a new sub-
stance with new properties. The CrEMICAL FoRcE is a peculiar
power, distinet from, though akin to, the forces of Light, Heat,
and Electricity ; it is the province of chemistry to investigate the
conditions, modes, and effects of its action.
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42., Having thus succeeded in determining the constituents of
air and water, we are naturally led to inquire whether it be not
possible to resolve oxygen, nitrogen, and hydrogen themselves
into simpler forms of matter. To this question but one answer
can be made—the result of the accumulated experience of many
philosophers of this and former generations—namely, that oxygen,
nitrogen, and hydrogen are incapable of decomposition by any
means as yet at our disposal. They resist the most powerful influ-
ences of electricity and heat, and they issue unchanged from every
variety and form of chemical reaction hitherto devised in the
hope of resolving them into simpler forms of matter. We are,
therefore, justified in regarding these gases as simple bodies, or
elements, in  contradistinction to decomposable bodies, such as air
and water.

43. The water which occurs in nature is never absolutely pure.
In the form of ice,and as it falls from the clouds as rain or snow,
it is, indeed, tolerably free from foreign substances; but after
having once soaked into the ground, it becomes charged with a
variety of mineral and other substances, which, being soluble in
water, are dissolved by it as it trickles through the earth.

Where the proportion of soluble matter contained in the water
is unusually large, and particularly if it possesses marked medi-
cinal properties, the watet is called mineral water, and the springs
from which it issues are known as mineral springs. Sea-waftr
may be regarded as a variety of mineral water.

44. For the conduct of chemical investigations it is often neces-
sary to purify natural water. This is done by a process called
distillation. As a general rule distilled water is employed in all
delicate chemical operations.

Ezp. 16.—Into a retort of 500 c. c. capacity, put 200 or 800 c. ¢. of
well-water. Thrust the neck of the retort info a half-litre receiver
placed in a pan of cold water. Cover the receiver with a cloth, or with
coarse paper, and upon this pour cold water from time to time, or pile
upon it fragments of ice. Place the retort upon wire gauze,on a ring
of the iron lamp-stand, and adjust the distance of the retort from the
lamp as described in Exp. 5, Fig. 8. Light the lamp beneath the re-
tort, and bring the water to boiling. As fast as the water in the re-
tort is converted into steam, this vapor will pass over into the cold

D
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receiver, and will there be condensed again to the liquid conglition.
Continue to boil until about three-quarters of the water in the retort

has evaporated.

The earthy and saline i ients of well-water are for the most -
part not volatiles very fow of them are Fig. 16.
capable of accompanying the water as it *

goes off in vapor ; hencgthe greater part of
the original 1mpunty of the water will re-
main behind in the retort.

Besides the non-volatile impurities, there
are often contained in well-water certain
volatile substances, such as ammoniacal salts
and organic matter, which pass over into .
the receiver with the aqueous vapor; but
since it has been found that most of these
volatile matters go over with the first por-
tions of the steam, it is only necessary to throw away that portion of
the distillate which is first condensed, in order to obtain thereafter
water of a high degree of purity.

This experiment must not only be so regulated that the retort shall
not boil over, but care must be taken that vapor alone shall pass off.
The ebullition should be so moderate that none of the particles of
water which are thrown up mechanically from the surface of the liquid
can be projected into the neck of the mtort or carried tln;her by the
current of steam,

#45, In the operation of distillation the substance to be distilled
must in the first place be converted into the condition of vapor,
this vapor must next be transferred to another vessel, and there,
by refrigeration, be again condensed to the liquid state. As will
appear from the foregoing experiment, the vaporization is effected
in the retort or still, and the refrigeration in the condenser. In
the experiment above given the receiver acts at once as receiver
and condenser; but a far more efficient apparatus can be con-

- structed by interposing a long tube between tho retort and the
receiver, This tube may be wra with cloths upon which
bits of ice are laid, or water is poured; or better, the tube may
be enclosed in a larger tube, or a metallic pipe, through which a
current of cold water is made to circulate. The water, which
may be iced if need be, is poured in through the funnel at the
lower end of the tube, and passes out at the top (Fig. 17). This
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excebdingly uable form of condenser was in-
vented by *  _ ver, commonly called Liebig’s.

Ezp. 17.—Place a fow drops of the distilled water obtained in the
preceding experiment upon a piece of platinum foil (Appendix, § 18).
Hold the foil with iron pincers above the gas-flame in such a manner
that the liquid may slowl;
evaporate vgithont b{)iling oi Fig. 17.
spirting. After the water has
disappeared, no residue will
befound upon the foil. Take
out of the retort the same
number of drops of water, and
evaporate them upon the foil
as before. A very decided
residue of earthy matter will
be left upon the foil.

46. In this country, where ice can be had in abundance at all
times, it may often be employed as a convenient substitute for
distilled water. In freezing, that is, in crystallizing, water re-
jects a great part of the foreign substances which were dissolved
in it. Hence, by collecting ice and remelting it, there can be
obtained water which is nearly pure.

Rain-water, also, especially that which has been collected in
the open country, is often pure emough to be used for chemical
purposes.

47. But even after all the mineral and all the organic matters
have been removed, the water is not yet absolutely pure. It still
contains oxygen and nitrogen in solution. Both of these gases
are soluble in water to a certain extent; and since the water
upon the surface of the earth is all the while in contact with air,
it must necessarily becorne charged with the constituents of the
air. A method of collecting these gases for examination will be
described in a subsequent chapter; we are here more particularly
concerned with their removal. This may be effected by long-
continued boiling.

Ezp.18.—In a common long-necked medicine-phial of thin ¢ blown”
glass, and of the capacity of about half a litre, place 300 or 400 c.c. of
recently distilled water. Draw out and bend the neck of the phial, as

»2
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shown in Fig. 18, and tie upon its point a short piece of caoutchouc
tubing. Boil the water steadily during half .

an hour. Finally, nip the open end of the Fig. 18,
caoutchouc tube, at the same moment remove
the lamp from beneath the flask, and instantly
seal the neck of the phial by directing the
flame of a blowpipe against the narrow spot.
This water can now be preserved for an in-
definite length of time, without undergoing
change. Upon inverting the phial, the water,
which has been thus thoroughly freed from
air, will fall about as if it were a solid body,
and will strike against the glass with a sudden
shock. The apparatus is in fact nothing else
than the so-called water-hammer of the physicists,

It follows, then, that whenever absolutely pure water is needed
for chemical investigations, natural water must first be distilled,
with the precautions above indicated, and this distilled water
must subsequently be thoroughly boiled, in order to expel the
gases which it holds in solution. Water so purified, though
necessary for chemical purposes, is unfit to support the life of
fishes or other animals which breathe in water, and is not suitable
for drinking. It is not only insipid and unpalatable, but is not
refreshing like ordinary water. Even if only a part of the dis-
solved gases have been removed, as is the case with water which
has been recently distilled, the taste of the water is still flat, and
repugnant. Hence, on board vessels where fresh water is pre-
pared by distilling sea-water, the distillate should be left for
some time in contact with air, in order that by absorbing the
constituents of the air it may become fit for drinking.

48. As might be inferred from the foregoing, water has the
property of dissolving many substances, solid, liquid, and gaseous.
Sugar, for example, dissolves readily in water; but sand is in-
soluble therein. »

A substance is said to be soluble when it is capable of being
divided in, and dispersed through water so intimately and com-
pletely that its particles become invisible, and can no longer be
separated by filtration; the result of this coalescence, or the
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solution as it is termed, is a transparent liquid, as a general rule
scarcely less mobile than the water itself.

Of the various substances soluble in water, some dissolve in
far larger proportion than others. With some liquids (as alcohol,
for example) water can be mixed in any proportion; but of ether
it dissolves but little, and of oil none. The proportion of any
substance that can be dissolved in a given quantity of water is
usually limited, and under fixed conditions is definite and peculiar
for each substance. When & given quantity of water has dis-
solved as much of a substance as it is capable of dissolving at the
temperature and pressure to which it happens to be exposed, the
solution is said to be saturated. Generally speaking, solid sub-
stances dissolve in far larger quantity in hot than in cold water,
though with gases and some exceptional solids the contrary
obtains. From the saturated hot solution of any saline sub-
stance, crystals are usually deposited during the process of cool-
ing. But so long as a solution is neither exposed to variations
of temperature, nor changed by the addition of another substance
or by the abstraction of either of its parts, it will usually deposit
nothing, and will remain unaltered during an indefinite period
of time.

During the act of solution, the first portions of the solid dissolve
with comparative rapidity, the subsequent portions dissolving
more and more slowly, until complete saturation is attained. In
preparing a solution of any solid, at the ordinary temperature of
the air, it is therefore inadvisable to add a large quantity of water
all at once; a much more satisfactory result will usually be ob-
tained if the substance be rubbed in a mortar with repeated
small portions of water, the several portions of the solution being
poured off into a common receptacle as fast as the water becomes
nearly saturated.

There are many other liquids besides water which are com-
monly used as solvents ; but as water is the commonest solvent of
all, and the most universally applicable, some of the general prin-
ciples of solution may here be appropriately set forth.

49. Solution, though in many cases closely allied to chemical
action, is usually treated of as a distinct process. From the best-
warked chemical action it differs in several particulars, In true
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chemical combination the union of the several ingredients is so
close and intimate, that their properties are merged and lost in
those of the compound; while in the solvents proper, such as
water, alcohol, and benzine, the particles of the dissolved matter
appear to be merely mechanically divided and diffused through
the liquid. The chemical properties of the dissolved matter
undergo no essential change during the act of solution, but re-
main unimpaired. When common salt is dissolved in water, the
brine retains the peculiar taste of the salt, and behaves like salt
itself towards most chemical agents; moreover the salt can
readily be recovered unchanged by evaporating the water. But
if a piece of chalk be placed in muriatic acid, chemical decom-
position and combination will immediately occur, the first sig-
nalized by a violent effervescence, the second resulting in the
formation of a liquid which contains neither chalk nor muriatic
acid, if the materials have been mixed in due proportion, but
which yields, on evaporation, a solid chemical compound, con-
taining one of the constituents of each. ’

Chemical combination, as usually defined, occurs in fixed pro-
portions only, whereas solution takes place in indefinite propor-
tions; not ouly may many substances, as alcohol and glycerine,
be mixed with water in every proportion, but where the solubility
of a substance is limited in one direction, as that of common
salt, of which only about 0-355 part is dissolved by one part of
water at 15°, the substance can nevertheless be dissolved in every
possible proportion below this maximum. Chemical action is
most marked between substances of unlike character; but with
solution the rule is different. In general, solution occurs most
readily when the solvent is not far removed in composition and
properties from the body dissolved.

Extreme cases of chemical action upon the one hand and of
solution on the other, are readily distinguishable. But there is
a wide range between these extremes, and it is well nigh impos-
sible to find a point at which the line of demarcation shall be
drawn. Many cases which at first sight seem to be examples of
simple solution can readily be shown to depend in part upon
chemical force.

The majority of chemists are now inclined to regard most
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instances of solution as feeble exhibitions of the chemical force,
or at all events as intermediate between purely chemical and
merely mechanical action., Solution facilitates chemical action
between heterogeneous materials, both by overcoming the force
of cohesion by which the particles of homogeneous solids are held '
together, and also by bringing the particles of the unlike bodies
into intimate contact with one another through the vchicle of
the common solvent. Cohesion resists chemical action as it does
gravity ; but solution overcomes cohesion, frees the particles from
the bonds which held them, and, as we may imagine, leaves them
free to enter into other combinations.

CHAPTER V.

HYDROGEN.

50. The commonest method of preparing hydrogen is by treating
zing or iron with dilute sulphuric or muriatic acid. Unless very
large quantities of the gas are needed, this method is cheaper and
more convenient than either of those heretofore mentioned.

Ezp. 19.—To a bottle 18 or 20 c.m. high, and of 500 or 600 c.c.
capacity, the mouth of which has an internal diameter of 25 to 3 c.m.,
fit a caoutchouc stopper or a )
swumnd cork, farnished with a Fig. 10.
thistle-tube (Fig. 19) and a gas
delivery-tube, of No. 6 glass. |
Within the bottle put 15 or 20
grms. of granulated zinc, or small
scraps of the sheet metal, and as
much water as will cover the zinc
ad close the end of the thistle-
tube. Replace the cork in the
Yottle, taking care to press it in
tightly, and gradually pour in
wmmon muriatic acid through
the thistle-tube, The thistle-
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tube must reach nearly to the bottom of the bottle, so that its point
may dip beneath the water; and the muriatic acid must be added by
small successive portions, not more than a large thimbleful at a time.

On the addition of the first portions of the acid, chemical action
will ensue, the contents of the bottle will become warm, and .gas will
be seen to escape from the liquid. This gas is hydrogen.

After all the air has been expelled from the bottle the hydrogen may
be collected over the water-pan, in inverted bottles filled with water,
or it may be passed into a gas-holder (Appendix, § 11). The rapidity
with which the gas shall be evolved is easily controlled by regulating
the supply of acid; and the moment at which the hydrogen ceases to
be contaminated with air can be determined by collecting small por-
tions of the escaping gas, in wide-mouthed bottles of about 50 c. c.
capacity, and testing its quality by means of a lighted match. In
doing this the small bottle filled with gas must not be turned over, but
should be carefully lifted from the water without changing its vertical
position, and the lighted match should then be applied to the mouth
of the bottle. If the hydrogen be pure, it will burn tranquilly at the
mouth of and within the bottle; but in case the gas is still mixed
with much air, a sharp explosion will occur at the moment when the
match is applied to it. In order to avoid these explosions, which
would be exceedingly dangerous if the volume of mixed gases were
large, it is indispensably necessary, in preparing hydrogen, to take care
that none of the gas shall be admitted into the gas-holder until all the
atmospheric air has been expelled from the bottle in which the gas is
generated. So, too, in experimenting with hydrogen, no light should
ever be brought into contact with the contents of the bottle into which it
is generated, or with any large quentity of the gas, until the purity of
the sample, or rather its non-explosive character, has been demon-
strated by applying to a very amall volume of the gas the test above
described.

This experiment, which has here been executed with zinc, can be
equally well performed with iron-filings, and with several other of the
less common metals.

Mouriatic acid, or, in chemical nomenclature, chlorhydric acid,
is a compound of hydrogen and another element, called chlorine,
which will shortly be described. The chemical ecomposition of
this substance can be represented by the symbol H Cl, in which
H represents, as before, the least proportional weight of hydro-
gen which exists in combination, and Cl the least proportional
weight of chlorine. 'We may likewise abbreviate the word zine
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to the symbol Zn ; and the chemical process, or reaction, by
which the hydrogen is liberated may then be symbolized by the
equation 2HCl4Zn=ZnCl,+2H.

Since hydrogen is a gas, it escapes as such, and there remains
dissolved in the water within the bottle a compound of the ele-
ments chlorine and zinc, called chloride of zine (ZnCL). The
zine which was free, enters into combination, ard the hydrogen
which was in combination, is set free; in other words, the zinc
has been substituted for, or Iras replaced, the hydrogen. It may
here be stated that chemists of all nations have agreed to repre-
sent each of the elements by a symbol, which consists either of
the initial letter of the Latin name of the element, or, when the
names of two or more elements begin with the same letter, of
the initial letter together with the first of the succeeding letters
in the Latin name which is distinctive. Thus Fe (Ferrum) is the
symbol of iron, W ( Wolframium) of tungsten, C of carbon, Ca of
calcium, Cd of cadmium, Cl of chlorine, and Cr of chromium.

51. Hydrogen is a transparent, colorless, and tasteless gas,
odorless when pure. It is not poisonous, though animals die
from suffocation when immersed in it, as they do in an atmosphere
of nitrogen. It has never been condensed to a liquid. It is the
lightest substance known, being about 143 times as light as air.
If 1 volume of air weighs 1 gramme, an equal volume of hydrogen
will weigh only 0-0693 grm. It is 11,160 times as light as
water, 151,700 times as light as quicksilver, and 236,000 times
88 light as platinum. 1 litre of hydrogen at 0° and a pressure
of 76 c.m. mercury, weighs 0-089578 grm. Hydrogen is the
most suitable standard of specific gravity for gases, as water is for
liquids and solids ; when thus used as the standard, its specifie
gravity is, of course, unity. The student should, however, be in-
formed that air is used by many writers as the standard of specifio
gravity for gases.

52. The exceeding lightness of hydrogen can be illustrated in
various ways. From an inverted bottle, even though it be open
below, hydrogen will escape but slowly; but if a bottle of hy-
drogen be opened in the air, with the mouth upward, the gas will
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quickly escape. Hence it can readily be poured or decanted up-
wards from one vessel to another.

Ezp. 20.—Lift from the water-pan a thick, strong, wide-mouthed
bottle, of 200 to 300 c. c. capacity, full of hydrogen, taking care to
hold it in a perpendicular position, with the mouth downward. "With
the other hand place another bottle of equal size and strength, but
containing only air, beside the hydrogen-bottle, so that the mouths of
the bottles shall touch at one end. Gradually turn down the hydro-
gen bottle, and at the same time push its mouth beneath that of the
air-bottle in such manner that the bottle which originally contained
the hydrogen shall at last stand upright beneath the inverted bottle.
During this operation, the lighter hydrogen flows up into the upper
bottle, while the heavier air sinks into the lower. Ifa burning match
be now thrust into the upper bottle, the hydrogen within it will take
fire; but upon applying the match to the lower bottle, originally fall
of hydrogen, there will be found in it nothing but air.

In like manner, hydrogen may be collected by displacement—an-up-
right delivery-tube being carried from the bottle in which the gas is
generated, to the top of an inverted recipient. The student will do
well to remember as a general rule, that in manipulating with hydro-
gen we must operate in a manner precisely opposite to that which
would be adopted if we were at work with water., Where water would
flow down, hydrogen will flow up.

Owing to its lightness, hydrogen is well adapted for filling
balloons ; and it is still sometimes employed for this purpose in
military operations, being prepared by means of hot iron, as in
Exp. 15. For purposes of illustration, soap-bubbles filled with
hydrogen will serve as well as balloons of more costly construc-
tion,

Ezxp. g1.—By means of a caoutchouc tube, attach an ordinary to-
bacco pipe to a gas-holder containing hydrogen. (See Appendix § 11,
Fig. xvii.) Dip the pipe in a solution of soap for a moment, then turn
it mouth uppermost, and slowly open the stopcock of the gas-holder so
that hydrogen may flow out and inflate the film of water upon the
mouth of the pipe. The bubble will soon break away from the pipe
and rise rapidly through the air. If a burning match be applied to
the bubble the hydrogen within it will, of course, burst into flame.

53. There is another noticeable peculiarity of hydrogen which
is directly connected with its extreme lightness. It possesses in a
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high degree the power of diffusion. This diffusive poweris a
physical property common to all gases and vapors ; in the Fig.20
case of hydrogen it is only the intensity of the diffusive g. 5
power which is remarkable.
When different gases, which have no chemical action

upon each other, are brought into contact, they will not
remain separate, but will commingle. This tendency of
the gases to intermingle is so strong that it will not only
overcome the greatest differences of specific gravity, but
even cause the spread of gases directly against powerful
currents of air or vapor. If a bottle of oxygen, standing
upright, be connected with an inverted bottle full of hy-
drogen, by means of a tube a metre in length, and no more
than 8 or 10 m.m. in diameter, both the bottles will be
found to be filled with a uniform mixture of the two gases
after the lapse of a very few hours. Upon now touching @

8 lighted match to the open mouth of either bottle, the
gaseous mixture will explode. As a precautionary measure

it is best in this experiment to employ the thick, strong

bottles in which soda-water is kept—or, in lack of these, strong
wide-mouthed bottles enveloped in thick towels.

The velocities with which gases diffuse are in the inverse ratio
of the square roots of their specific gravities. Hence it happens
that hydrogen being the most attenuated of all gases, diffusés with
the greatest rapidity. Compared with that of oxygen, its rate
of diffusion is as 4 to 1; that is to say, the relative
rates of diffusion of the two gases are inversely as
the square roots of the numbers 1 and 16, which
represent the specific gravities of hydrogen and oxy-
gen respectively.

Ezp. 22.—A glass tube, 8 or 4 c.m. in diameter, and 80 {&
or40 c.m. long, is closed at one end with a plug of plaster
of Paris 1 or 2 c.m. thick. ‘The tube is then set aside for
A day or two, in order that the plaster may become dry.
When the plug is dry, fill the tube with hydrogen by
dlspheement, and set it upright in a glass of water. Water
will rise rapidly in the tube, since bydrogen escapes =
through the plaster more rapidly than air can enter the tube through

Fig.21.
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this porous plug. That some air does enter, however, can be shown
by exploding the contents of the tube by applying a lighted match,
after the lapse of some time. Of course, if the tube be left toitself, air
will slowly enter through the plaster, so that the water within the
tube will in due time sink to the level of the outside liquid.

On account of its high diffusive power, hydrogen can be kept
only in perfectly tight vessels. It has been found that it will
leak rapidly under a pressure of 27 or 28 atmospheres through
stopcocks that are perfectly tight for nitrogen at a pressure of
even 50 or 60 atmospheres; from the same cause it cannot be
kept for any length of time in bladders or rubber bags. If a
sheet of paper be held a short distance in front of the opening of
a gas-holder from which hydrogen is escaping, the current of gas
will pass directly through the paper, and can be inflamed upon the
other side of the sheet. The high diffusive power of hydrogen,
which is to some extent shared by its compounds also, is an
obstacle to be overcome before ballooning can be made practicable.

Sound is propagated in hydrogen but little better than in a
vacuum. The specific heat of hydrogen is 3:4046, that of an
equal weight of water being 1-000; it is 0-2356, that of an
cqual volume of air being 0-2377. It refracts light very power-
fully.

54. Hydrogen is exceedingly inflammable, as has been already
seen; that is to say, the temperature at which it takes fire is
comparatively low. But, as a matter of course, it extinguishes
any burning body which is immersed in it, since oxygen is neces-
sary for the support of combustion.

Ezp. 23.—Carefully lift from the water-pan a bottle of 200 or 300
¢. c. capacity, completely full of hydrogen, slowly carry the bottle, the
mouth of which is of course held downward, to a burning candle or
splinter of wood, and depress the bottle over this flame. The hydro-
gen will take fire and burn, below, at the mouth of the bottle where it
is in contact with the oxygen of the atmosphere; but the flame of the
candle will be extinguished the moment it becomes completely en-
veloped by the hydrogen. The candle can easily be relit by siowly
lifting the bottle until the wick is brought into contact with the air
and the burning hydrogen.

Ezp. 24.—Fill a bottle of the capacity of 400 or 6500 c. ¢. with hy-
drogen, close the mouth with a cork ora plate of glass, stand the bottle
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upon the table with the mouth upward, remove the stopper, inflame
the hydrogen, and immediately pour.out of & pitcher into the bottle a
large quantity of water. The flame will instantly be increased, since
the water will force the gas out of the bottle into the air. Within the
bottle the hydrogen can only burn gradually, since it takes time for the
outside air to enter; but if the gas be pushed out of the bottle into
the air, it will burn at once.

In the familiar instances where water extinguishes fire, it does so by
reducing the temperature of the combustible—that is to say, by cooling
it to below the temperature at which it will take fire. It would act
thus in this case, were it not for the lightness and mobility of the
hydrogen, by virtue of which this gas immediately escapes from con-
tact with the water.

55. It has been seen that the hydrogen-flame affords only an
exceedingly feeble light; but it would be a grave error to infer
that but little heat is developed by the combustion.

The temperature of the hydrogen-flame is in reality very
high. Indeed it has been found that when a given weight of
hydrogen enters into chemical union with oxygen, more heat is
developed than in the burning of the same weight of any other
substance,

In order to determine the amount of heat which is developed
in any act of combination, this heat can be transferred to water,
and there estimated either by the quantity of water heated, or
the amount of steam produced. A wunit of heat is that amount
of heat which will raise 1 gramme of water from 0° centigrade
to 1°,

The amount of heat evolved during the combustion of a body
is as constant and unvarying as any other direct consequent of
its properties, and the quantity of heat evolved is absolutely the
tame, no matter whether the combustion occurs in air or pure
oxygen, or whether it be slow or rapid. The actual amount of
heat developed during the most vivid combustion is no greater
then when the same combustible combines with oxygen, by gra-
dnal oxidation, without visibly burning. From 1 gramme of
bydrogen, as it unites with oxygen, there are evolved 34462 units
of heat.

Although the same amount of heat is developed, in the aggre-
gate, when a litre of hydrogen burns in the air, as when it burns
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in pure oxygen, it is none the less true that a far hotter fiame
is obtained by burning the hydrogen in oxygen than in air. If
the combustion be complicated by the presence of nitrogen from
the air, a great deal of heat will expand its energy in expanding
this useless nitrogen. Moreover, since the nitrogen occupies much
room, it will, as it were, keep asunder the particles of hydrogen
and oxygen; the flame will thus be made longer and more dis-
persed, or, in other words, the heat evolved by the union of the
hydrogen and oxygen will be spread over more space than if the
nitrogen were absent. Where nothing but hydrogen and oxygen
are present, and in the precise proportions in which these gases
unite to form water, the flame produced by their union will be to
all intents and purposes solid, and the heat will be concentrated
in the smallest possible space.

Exp. 25.—Provide two gas-holders (see Appendix, § 11), one full
of hydrogen, the other full of oxygen, also a metallic jet so constructed
that the tube which carries the oxygen shall pass through the
centre of the hydrogen tube as shown in Fig. 22. Screw the jet on
to the oxygen gas-holder, and connect the other opening with the
hydrogen gas-holder by means of a caoutchouc tube. Open the cock
of the hydrogen gas-holder,and inflame the gas at the point of the jet,
then slowly open the cock of the oxygen gas-holder until the flame of
the burning hydrogen has been reduced to a fine pencil. This appa-
ratus is known as the compound, or oxy-hydrogen blowpipe. Inorder
to insure a steady flame, care must be taken that a constant and suffi-
cient pressure be maintained upon the contents of the gas-holders,

Fig. 22.

Ezp. 26.—In the flame of the oxy-hydrogen blowpipe, described in
the foregoing paragraph, hold the end of a piece of platinum wire,
about 10,c.m. long and less than one m.m. in diameter. The platinum
will melt and fall down in drops.

The intense heat of the oxy-hydrogen flame is thus admirably illus-
trated ; for platinum is an exceedingly infusible metal, which can
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searcely be goftened in the hottest furnace. The drops of platinum
should be caught upon sand, or in water. In case the melted platinum
falls into water, a portion of the water will be decomposed into hydro-
gen and oxygen, bubbles of which will be seen issuing from the water.
Some of this gas can easily be collected, by an assistant, in an inverted
ignition-tube filled with water, and its explosive character demon-
strated by applying a lighted match.

Erp. 27.—If a piece of chalk or lime, scraped to a fine point, be held
in the flame of the oxy-hydrogen blowpipe, it will quickly become
white-hot and evolve light of great brilliancy, almost comparable with
that of the sun. If the bit of lime be long exposed to the intense heat,
it will undergo incipient fusion, and afford less light than at first.

Where a constant light is desired, cylinders or plates of chalk are
kept continually moving before the flame by mechanical power, 8o that
fresh portions shall continually be broughtinto the flame. This is the
so-called Drummond or Calcium light, often employed for night signals
and optical experiments.

56. No matter in what way hydrogen is burned, whether in
the pure state or in combination with other materials, whether in
pure oxygen or in the air, the product of the combustion is always
water. At the high temperature of the flame, this water must of
course remain in the condition of a gas, but it can readily be
brought to the liquid state by reducing the temperature.

Ezp. 28.—Over a jet of burning hydrogen, best obtained from a
gas-holder, hold a dry, cold bottle. The glass soon becomes covered

with & film of dew, as the water generated by the union of hydrogen
&nd oxygen condenses in droplets upon the cold sides of the bottle.

57. As the burning jet of hydrogen is the simplest instance of
combustion with flame, some exact knowledge of the form and
quality of flames may here be gained.

As hydrogen, or any other gas, issues from a small orifice into
the air by force of pressure from behind, the escaping gas
assumes a certain definite shape in accordance with the physical
conditions to which it is exposed, just as a fountain of water
takes formp in accordance with the size and shape of the orifice
from which the water is expelled, the pressure by which it is ex-
pelled, the gravity of the water, the resistance of the air, and the
force and direction of the wind, and so forth.

If a lighted match be brought into contact with the column or
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fountain of gas, the gas will take fire and burn; that is to say,
the hydrogen will enter into combination with oxygen as fast as
the latter can be furnished from the air. But, in any event, the
column of gas will burn only upon the outside, for there alone
can the oxygen of the air come into contact with the hydrogen.
Neither the interior of the flame nor the contents of the reservoir
from which the gas is flowing can burn; for they consist of pure
hydrogen, which, as has been shown in Exp. 23, will by itself
immediately extinguish combustion.

All ordinery gas-flames are, of necessity, hollow. They are
visible to us through the evolution of light which is an accom-
paniment of the chemical action. But even if no combustion
were going on upon its surface, the escaping column of gas could
still be made visible by causing it to pass through a quantity of
dust or other fine powder before coming into the air. A portion
of the solid matter would be transported by the current of gas,
and the form assumed by the latter would be made manifest.

The shape of the unignited gas-column would of course be
somewhat different from that of the burning flame; in the latter,
not only is the outer edge of the column sharply defined by the
zone of combustion, but the actual form of the column itself is
modified through the expansion of the gas as it becomes heated by
the enveloping fire.

58. If, instead of burning pure hydrogen as it flows into the
air, as in the foregoing experiments, the gas be first mixed with
air or oxygen and then ignited, a very different result will be
obtained. The hydrogen being now in contact with oxygen at all
points, the entire mass of gas will burn with a violent explosion
the instant a light touches it.

Ezp. 29.—Introduce 2 volumes of hydrogen and & volumes of air
into a strong round-bottomed bottle such as is used for soda-water.
Close the mouth of the bottle with a cork, and shake violently in order
that the gnses shall be mixed. A small quantity of water should be
left in the bottle to act as a stirrer. Grasp the bottle firmly in one
hand, remove the cork with the other, and apply the open mouth of
the bottle to alighted candle. An explosion will immediately ensue.

Ezp. 30.—Into a gas-holder, bladder, or rubber bag, introduce s
mixture of 2 vols. hydrogen and 1 vol oxygen. Connect therewith,
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by means of caoutchouc tubing, a tobacco-pipe, or bit of glass tube.
Press the gas through the pipe into a dish of soap-suds,in such manner
that there shall be formed upon the surface of the suds a mass of foam
as large as an egg. Close the gas-holder and remoye it from the vici-
nity of the suds. On now touching the fuam with 8 long, lighted
stick an exceedingly violent explosion will occur.

Tt is well to avoid the iormation of a large quantity of foam in this
experiment, since the concussion is in any event deafening. In this
experiment the explosive ‘mixture is purposely confined in an ex-
ceedingly flimsy envelope, in order that no harm may be done by the
fragmenta.

Care should be taken to throw away any remnant of the mixture of
bydrogen and oxygen which may have been left in the gas-holder at
the close of the experiment, and upon no account should fire ever be
brought into its vicinity,

59. The cause of these loud explosions is twofold. By the
act of combination water is formed, and at the same time intense
heat is emitted ; the water, or rather steam, is thereby enormously
expanded, so that for a moment there is violent motion outwards
in all directions. This outward motion would scatter about in a
most dangerous manner the fragments of any vessel in which,
through carelessness, a mixture of hydrogen and oxygen might
be ignited—unless, indeed, the vessel were very strong, small,
and of large aperture. But in the next instant, as the steam
condenses, there is an even more violent motion inwards.

The original mixture of hydrogen and oxygen occupies about
2000 times as much space as the liquid water which results from
the combination of these gases. Hence a partial vacuum is
formed, into which air rushes from all sides ; and it is the heavy
and sudden undulations thus communicated to the air which
occasion the noise. The outward and inward shocks follow one
another so quickly that the ear cannot distinguish between them.

Mixtares of hydrogen and air produce less violent explosions
than mixtures of hydrogen and oxygen, because of the inert
nitrogen in the air, which acts as an elastic pad, or cushion, to
break the force of the shock.

60. Since air is cverywhere about us, and since all ordinary
combustions occur in it, it has become customary to speak of it
and of oxygen as supporters of combustion, in contradistinction to

]
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the so-called combustibles, such us hydrogen. These terms are
often convenient, but, as will uppear from the following experi-
ment, they have only a relative, and no absolute significance.

Ezp. 31.—Provide a tube of thin glass, the neck of a broken retort,
for example, 30 or 40 c.m. long, and 3 or 4 c.m. in diameter; tix it in
a vertical position, so that the lower opening shall be 20 or 30 c.m.
above the table, and connect the upper opening with a gas-holder filled
with hydrogen.

To a second gas-holder, containing oxygen, attach a caoutchouc
tube, and to the end of this fit a piece of glass tubing, No. 7, 25 or 30
c.m. long, bent at a right angle at 5 or 10 c.m. from the end which is
attached to the caoutchouc tube, and drawn out to a fine open point
at the other. The caoutchouc tube must be long enough to reach as
far as the lower mouth of the wide vertical glass tube above
mentioned.

Open now the stopcock of the hydrogen gas-holder so that the
vertical tube shall be filled with the gas, then apply a lighted match
to the mouth of this tube, and regulate the flow of gas so that the
latter may continue to burn slowly at the lower edge of the tube.
Finally, open the stopcock of the oxygen gns-holder, so that a cur-
rent of this gas shall flow through the pointed delivery-tube, and thrust
this tube up into the middle of the wide vertical tube which has been
filled with hydrogen.

As the stream of oxygen passes through the burning hydrogen at
the bottom of the vertical tube, it takes fire, and afterwards continues
to burn in the atmosphere of hydrogen within the tube.

CHAPTER VL

THER COMPOUNDS OF THE ELEMENTS ALREADY STUDIED.

Oxygen and bydrogen do not unite directly in any other
ion than that in which they form water; but by indirect
too complex for profitable study at this stage, a molecule
r can be made to combine with an atom of oxygen, forming
substance, known by the name of peroxide of hydrogen.
nuls is, in accordance with this statement, H,0,, and it
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would yield, if completely decomposed into its elements, equal
volumes of hydrogen and oxygen; its composition by weight
must be 2 parts of hydrogen to 32 of oxygen; it contains just
twice as large a proportion of oxygen as water. The best method
of preparing this substance does not yield the pure thing itself,
but only a concentrated solution of it in water; the specific gra-
vity of this solution is 1:45 ; it is colorless, transparent, and some-
what syrupy, has a metallic taste, corrodes the skin, and bleaches
vegetable colors.

How different a substance this is from water, appears at onoe
from this enumeration of some of its properties. It is very un-
stable, being readily decomposed by heat, and by contact with
various substances at the ordinary temperature, into oxygen and
water. Its instability and the intense chemical activity of which
it is capable, emphatically distinguish this, as yet obscure, body
from the neutral, stable, inactive compound of hydrogen and
o0xygen, common water.

62. But though the peroxide of hydrogen is not water, it is
nevertheless a true chemical compound of the same elements which
are united in water; it is definite and constant in composition,
and its properties are as unlike those of its elementary consti-
tuents as are those of water. A new fact of great significance
here comes plainly into view. Two of the elements are evidently
capable of combining in two definite proportions to form two
chemical compounds, each differing from the other and from its
primary constituents. The study of the compounds of nitrogen
and oxygen will bring into clearer view the general principle of
which this fact is a single illustration. These compounds form a
series of five members, all derived, more or less directly, from
common nitric acid.

83. Nitric Acid.—Two abundant sources of this material are
found in nature, and are familiar as articles of commerce. Salt-
petre or nitre, a whitish, saline, crystallized substance, now
mainly brought from India, is one of these sources; a similar
substance, known as Chili-saltpetre, or soda-nitre, is collected on
a desert tract in Chili and Peru, and forms a valuable article of
export from those countries. These two substances only differ
from each other in this,—that the first contains the metal potas-

E2
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gium, the second the very similar metal sodium, in either ease
combined with definite proportions of the elements nitrogen and
oxygen. By the reaction of sulphuric acid (oil of vitriol) on
either of these two substances, nitric acid is obtained. On a
small scale, for laboratory purposes, saltpetre, or, as it is called
in chemistry, nitrate of potassium, is generally employed; on a
manufacturing scale, soda-saltpetre or nitrate of sodium is used,
becaunse this salt costs less than nitrate of potassium, and also
conteins a larger proportion of nitric acid, which it yields up with
greater facility.

Ezp. 82.—Into a tubulated, glass-stoppered retort of 250 e. c. capa-
city put 40 grammes of powdered nitrate of potassium, or, better,
84 grammes of powdered nitrate of sodium if it can be obtained, and
through the tubulature pour 50 grammes of strong sulphuric acid,
which has been weighed out in a bottle previously counterpoised upon
the balance with shot or coarse sand. Imbed the bottom of the retort
in sand, contained in a small iron pan placed over the gas-lamp on a
ring of the iron-stand. Thrust the neck of the retort into the receiver
with two tubulatures; the retort-neck should fit the tubulature of the
receiver with tolerable accuracy. The second tubulature of the re-
ceiver should be left open, or loosely covered with a bit of glass, in
order to avoid the possibility of any pressure being created within the
retort during the operation. Place the receiver in a pan of cold water,
and cover it with cloth or bibulous papeg, which must be kept con-
stantly wet during the distillation. (See Fig. 16, p.34.) Apply a mode-
rate heat to the sand-bath ; reddish vapors will appear for a moment,
then disappear, and & yellowish fuming liquid will begin to condense
in the receiver. Towards the end of the operation the red vapors
reappear; after this has happened, and the saline matter in the retort
has attained a state of tranquil fusion, while very little liquid passes
over into the receiver, the lamp may be put out, for the process is
finished.

The very acid, corrosive, and poisonous liquid in the receiver is
nitric acid; its faint color is not its own, but is due to the presence of
a compound of nitrogen and oxygen shortly to be described. Transfer
the liquid to a glass-stoppered bottle, and keep it for future use. In
all manipulations with nitric acid it is necessary to avoid getting it
upon the skin, since it produces rather permanent yellow stains.

As the retort cools, the residue solidifies into a white, saline mass,
which must be dissolved out of the veesel by heating it with water after
the apparatus has become thoroughly cold. It will be observed that
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the liquid sulphuric acid which was used has disappeared, though the
saline residue is still intensely acid.

64. Pure nitric acid is colorless, and is about half as heavy
again as water. It may be mixed with water in all proportions.

Ezp, 33.—To one-third of the nitric acid obtained in the last experi-
ment add an equal bulk of water. The solution thus obtained will be
still intensely acid, as may be proved by its action on vegetable colors.
Litmus is & blue coloring-matter, prepared from various lichens, and
used in dyeing. Unsized paper, colored with a solution of litmus in
water, is a convenient test for many acids, which, as a rule, change
the color oZ the paper from blue to red. If the acidity of this diluted
nitric acid be now destroyed or neutralized by the addition of some
other substance of opposite quality, the point at which the liquid
ceases to be acid may be determined by observing when the blue paper
remains blue on immersion in the liquid.

To the diluted nitric acid, placed in an evaporating-dieh, add cau-
tiously ammonia-water (the Liquor Ammoni® of the apothecaries),
which has been previously diluted with its own bulk of water, until
the liquid no longer turns the litmus-paper red. The ammonia-water
must be added, slowly at first, and at last drop by drop, and the mix-
tare must be constantly stirred with a glass rod. The ammonia-water
has the property of turning litmus-paper, which has been reddened by
an acid, back again to blue, as direct experiment may prove; this
property is possessed by a class of bodies called alkalies, and this reac-
tion with litmus is termed the alkaline reaction, in contradistinction to
the change from blue to red, which is the reaction characteristic of
acids. When mixed with nitric acid, ammonia-water produces a
compound which, when fresh and pure, has no action on vegetable
colors, and being soluble in water is not visible at this stage of the
experiment. Place the evaporating-dish on the wire gauze over the
gas-lamp, and evaporate the liquid, taking care to avoid actual ebulli-
tion, until a drop of the solution taken out on a glass rod becomes
almost solid on cooling. Extinguish the lamp, let the dish become
perfectly cold, separate the semitransparent crystals which have
formed during the cooling from the fluid, if any, which remains in the
dish, allow them to drain, dry them by gentle pressure between folds
of bibulous paper, and reserve them for use in the next experiment.
Besides water, these crystals are the sole product of the reaction;
they must therefore contain both all of the nitric acid and all of the
smmonia which is not water. The chemical name of the substance is
nitrate of ammonium,
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65. We find in this experiment a striking illustration of what
is meant by chemical combination. From two fuming liquids,
of very intense but opposite properties, there has come forth a
neutral solid, as unlike its constituents in taste, smell, and all
physical attributes, as could well be imagined. The idea of neutra-
lization, well exemplified in this experiment, has in the history
of chemistry been very fruitful both of names and hypotheses.
Bearing in mind the fiery constituents of the cooling, harmless
salt which we have thus synthetically prepared, we proceed to
learn by experiment whatever its decomposition may teach.

Exp. 84.—Introduce into a Florence oil-flask, or other suitable flask
of thin glass, and of about 800 c. c. capacity, the nitrate of ammonium
obtained in the last experiment. From the mouth of the flask, placed
upon the wire gauze on the iron-stand, carry & gas delivery-tube,
No. 6, beneath the saucer in the water-pan; but interrupt the tube, at
some convenient point to interpose (by means of & cork or cacutchoue
stopper with two holes) & small bottle which can be kept cool with
water, a8 shown in the figure.

Fig. 23,

q
~

Heat the flask moderately and cautiously, to avoid breaking it.
The nitrate of ammonium will melt, and little bubbles will soon begin
to escape from the fused mass. The heat must now be so controlled
that the evolution of the gas shall not be tumultuous. The gas is to
be collected in bottles of 800 to 400 c. c. capacity. In the cooled
bottle, through which the gas passes, & clear and colorleas liquid will
condense, which will be found on examination, if the process has been
successfully conducted, to be neither acid nor alkaline, to have neither
taste nor smell, and to be wholly volatile when heated on platinum




COMPOSITION OF NITROUS OXIDE, 86

foil,—in short, to poasess all the properties of water, and none other.
When two bottles of gas have been filled, and enough water for testing
condensed, the delivery-tube may be withdrawn from the water and the
lamp extinguished, although the nitrate of ammonium be not all decom-
posed. The nitrate of ammonium may be entirely resolved into water
and the gas which now awaits examination, but it is difficult to push
the decomposition to actual completion without breaking the flagk in
which the operation is performed. That the nitrate leaves no residue
behind, when sufficiently heated, may be proved by heating a crystal
of it on platinum foil over the gas-lamp.

66. Nitrous Oxide.—It is obvious that the colorless and trans-
parent gas, which is the most voluminous product of the decom-
position of nitrate of ammonium just accomplished, must contain
all the elements, besides those of water, which enter into the
composition of nitrate of ammonium, and therefore of its consti-
tuents, nitric acid and ammonia-water ; much interest, therefore,
attaches to the determination of the composition of this gas.

Ezp. 36.—Insert a glowing splinter of wood into a bottle of the gas.
It will reinflame with almost as much energy as in oxygen.

If oxygen be really a constituent of this gas, it may be possible to
mix the gas with hydrogen, and effect the chemical combination into
water of the oxygen in the gas and the added hydrogen, by heating the
mixture, or passing through it an electric spark (see pp. 24, 26). If
just enough hydrogen can be added to exactly convert all the oxygen
contained in a given volume of the gas into water, the constituents
other than oxygen will be left behind for separate examination, and
we shall have determined how much oxygen a given volume of the gas
contains by observing how much hydrogen has been necessary to con-
vert it into water, the volumetric composition of water being already
lmown. Now it has been found that when any volume of this gas is
mixed with an equal volume of hydrogen, in a strong tube, provided
with platinun points, like those of the U-tube already used (p. 25),
and the mixture isfired by the electric spark, a violent explosion takes
place, a dew of water condenses upon the walls of the tube, and there
remains a volume of colorless gas, precisely equal to that with which
the hydrogen was originally mixed. On studying the properties of
this residual gas, it is found to be tasteless, odorless, a little lighter
than air, and to be neither inflammable, nor yet a supporter of eom-
bustion ; it is recognized as the pure element, nitrogen.

It follows from this experiment, and the knowledge of the
composition of water previously gained, that any measure of the



56 ATOMIC WEIGHT OF NITROGEN.

gas obtained from nitrate of ammonium contains its own measure
of nitrogen and half that measure of oxygen. The constitution of
this gas is strictly analogous to that of steam ; as two volumes of
hydrogen and one volume of oxygen are compacted into two
volumes of steam, 80 two volumes of nitrogen and one volume of
oxygen are condensed into two volumes of this transparent gas.
As the chemical formula or symbol of water is H,0, so the
formula of this new gas is N,0, and its volumetric composition
may be represented by a diagram
similar to that by which we con- N
veyed to the eye the composition I NO
of water. l

67. As has been already said, | N
a combination of oxygen with
another element is called an oxide; the name of the second ele-
ment is given cither by an adjective which precedes the word
oxide, as in the case of this gas N,0, whose name is nitrous oxide,
or by connecting the name of the second element with the word
oxide by the preposition of, as in case of oxide of iron. .

From the above composition by volume, and from the known
specific gravities of nitrogen and oxygen, the composition of
nitrous oxide by weight is readily deduced. The specific gravity
of nitrogen, referred to hydrogen, is 14; that of oxygen 16;
since there are two volumes of nitrogen for each volume of
oxygen, the two elements must, in any given weight of the gas,
be combined in the proportion of 28 parts by weight of nitrogen
to 16 of oxygen. The molecule of nitrous oxide, N,0, must be
vomposed, like any other quantity of the gas, of 28 parts by
weight of nitrogen and 16 of oxygen ; but precisely as in the case
of water, we conceive of the molecule as made up of two atoms
of nitrogen and one atom of oxygen, and we have already learned
that if the atomic weight of hydrogen be represented by 1, that of
oxygen must be 16. It follows, from the constitution of nitrous
oxide, that, if 16 represent the smallest proportional weight of
oxygen which exists in combination, 14 must be the corresponding
smallest weight of nitrogen when thus united with oxygen. Ni-
trous oxide contains 16-44ths, or 36-36 per cent. of oxygen.

68. Nitrous oxide is almost without odor, but has a distinctly
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sweet taste; its specific gravity referred to hydrogen is 22; it is
quite soluble in water, which at 0° dissolves more than its own
voiume of the gas, and more than half its volume at 24°. Owing
to this solubility there is a trifling loss incurred by collecting it
in the usual manner over water; this loss may be partially
avoided by using warm water in the pan. Nitrous oxide may be
obtained in the liquid state by submitting it to a mechanical
pressure of about 30 atmospheres in an apparatus cooled to 0°.
The liquid is very mobile, boils at —88° and crystallizes at
about —100° when allowed to evaporate spontaneously under the
exhausted receiver of an air-pump. It is notewerthy that the
permanent gases, such as nitrogen, oxygen, and hydrogen, are
but slightly soluble in water, while all the soluble gases are liquifi-
able, and often the more readily liquifiable in proportion to their
solubility. A drop of liquid nitrous oxide blisters the skin like a
hot iron. By mixing the solid, snow-like nitrous oxide with the
volatile liquid called bisulphide of carbon, and evaporating the
mixture in a vacuum, the lowest temperature which has hitherto
been attained is produced ; it is estimated at —140°.

8mall animals immersed in gaseous . nitrous oxide die after
some time, but it may be respired for a few minutes with entire
impunity by the healthy human being. The physiological effects
of this gas, when respired, vary somewhat, according to the
quality of the gas and the mode of administration ; sometimes it
produces a lively intoxication, attended with a disposition to
muscular exertion and violent laughter, whence its trivial name
of laughing-gas ; sometimes, on the cdntrary, it produces a com-
plete insensibility, during which surgical operations may be per-
formed without pain. 'When intended for respiration, great atten-
tion should be paid to the purity of the gas; carefully prepared
and judiciously administered, it is advantageously used as an ane-
sthetic agent, especially for operations lasting but a few seconds.

As the gas contains nearly twice as much oxygen as atmospheric
uir, it does not seem strange that it should make common com-
bustibles burn with great intensity; it forms explosive mixtures
with many inflammable gases ; it causes glowing charcoal to burst
into flame, and sulphur and phosphorus burn in the gas with
great brilliancy, if well on fire when immersed in it.
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Erp. 86.—Place a bit of sulphur in a deflagrating spoon, and ignite
it with the least possible application of heat; then thrust it into a
bottle of nitrous oxide. It will be extinguished. Yet it would con-
tinue to burn in the air. Heat the sulphur much hotter, and again
introduce it into the bottle of nitrous oxide. It will now burn far
more brilliantly than in the air.

The air is not a chemical compound, but only a mechanical mixture
of nitrogen and oxygen; so that a body burning in the air has only to
take oxygen, which is perfectly free to join it. The case is entirely
different when the substance at whose expense the oxygen is furnished
is a chemical compound; to dismember the compound will require a
force superior to that which binds its elements together. Before the
sulphur, in this experiment, can unite with oxygen, it must detach
the oxygen from the nitrogen with which it is combined. To accom-
plish this, the sulphur must be hotter than it need be for simple burning
in the air. 'We shall soon learn that there are many chemical com-
pounds, much richer in oxygen than either the air or nitrous oxide,
which nevertheless cannot support combustion at all, in the ordinary
sense of the term, and this simply because the common combustibles
are quite unable to detach the oxygen from the elements with which
it is already combined.

69. Nitric Oxide.—The nitrous oxide which we have thus
studied, is a derivative of nitric acid, or, more exactly, of the
compound of nitric acid with ammonia-water, but it is only one
of several such derivatives. We proceed to investigate another
substance still more directly obtained from nitric acid.

Ezp. 37.—Place some copper .
turnings or filings in a bottle ar- Fig. 24.
ranged precisely as for genera-
ting hydrogen (see Exp. 19), and ’
pour upon them one half of the
nitric acid still remaining from
Exp. 82, previously diluting this
portion of ecid with twice its
bulk of water. Brisk action will
immediately occur. The bottle
becomes filled with red fumes,
but when the gas disengaged is
collected over water, it is found
to be colorless. Collect four bot-
tles, of 300 to 400 c. c. capacity,
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of this gas. Save the blue solution (nitrate of copper) which remains
in the generator for future use.

Ezp. 38.—Dip a lighted candle into & bottle of the gas. It goes
out. Into the same bottle thrust a glowing splinter of wood, It will
not inflame.

Ezp. 39, Lift a bottle of the gas from the.water so that the air may
enter the bottle, and the gas may escape into the air. Red fumes, of
very disagreeable smell, and very irritating when inhaled, are abun-
dantly produced. Bring in contact with these fumes a piece of mois-
tened litmus-paper. It will be immediately reddened.

Ezp. 40.—Thoroughly ignite & bit of sulphur in a deflagrating-
spoon, and imtroduce it into a bottle of the gas. It will not burn.

Ezp. 41.—Into the same bottle thrust a piece of phosphorus as big
88 & pea, burning actively. The combustion will be continued with
great brilliancy.

70. The new gas is transparent and colorless, and that it is
sparingly soluble in water may be inferred from the fact that
bottles of it may stand indefinitely over water without appre-
ciable loss. 1t differs from nitrous oxide, and from all the other
gases thus far studied, in its relation to combustibles. The com-
monest combustibles will not burn in it at all ; phosphorus may
be melted in the gas without inflaming ; but when its combustion
is once started, phosphorus burns with a vividness which recalls
its burning in oxygen.

When the gas touches the air, a new compound, red, acid, and
irritating, is immediately produced; the question arises, Is it
the nitrogen or the oxygen of the air which gives rise to this
new combination? Experiment would answer this question in
favor of oxygen. If into a bottle of this new gas nitrogen were
introduced, the result would be simply negative; no visible
change and mno chemical combination would take place. The
introduction of oxygen into a bottle of the gas would, on the
other hand, produce the red vapors in question, only more
vividly than air, because dilution with the inert nitrogen of the
air wonld have been avoided. So visible and trustworthy is this
reaction, that the gas we are studying may be used to exhibit
the presence of free oxygen in gaseous mixtures. For example,
both oxygen and nitrous oxide reinflame a glowing splinter, and
we cannot distingnish between these two gases by this test; but
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the gas we are now studying supplies us with a means of discri-
mination, since it produces no red fumes with nitrous oxide.

If & sufficient quantity of the metal potassium be heated in the dry
gas till it burns, and the experiment be so executed as to allow the
volume of gas to be measured both before and after the combustion, it
will be found that one half of the volume of gas used hes disappeared,
and that the half which remains possesses few or none of the qualities
of the original gas; a slight examination would convince us that we
had set free the well-known element nitrogen. The other half of the
original volume of gas has united with the potassium to form a body
which we shall hereafter be familiar with under the name of oxide of
potassium. The other half of the gas is then oxygen, and we have
found the elements which enter into the composition of this gas, and
the volumetric proportions in which they are united. One volume of
nitrogen is combined with one volume of oxygen to form two volumes
of the compound gas.

‘We meet here the first case of chemical combination between
two gases unattended by any condensation of the ingredients.
The molecule of the gas will be represented by the formula NO,
and its elements are united by weight in the proportion of 14
parts of nitrogen to 16 of oxygen, because equal volumes of
nitrogen and oxygen weigh respectively 14 and 16 times as
much as the same volume of hydrogen. The gas is another oxide
of nitrogen, and is distinguished by the name nitric oxide.

‘When there are two or more oxides of one element, the termi-
nation ous implies less oxygen than the termination tc, as in this
case ; nitrous oxide contains half as much oxygen for its nitrogen
a8 nitric oxide.

Nitric oxide is one of the permanent gases ; it has never been
liquified. It is a very stable compound, and if perfectly dry is
not decomposed by a red heat or by the action of electric sparks.
Owing to its rapid union with oxygen and the formation of acid
produects, its taste, smell, and respirability cannot be ascertained.
Bearing in mind the fact that certain red acid fumes, the like of
which we remember to have seen in making nitric acid, are
formed by adding oxygen to nitric oxide, we proceed to a further
study of still other oxides of nitrogen.

71. Hyponitric Acid.—When a mixture of two volumes of
nitric oxide and one volume of oxygen, thoroughly stirred to-
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gether and perfectly dried, is submitted to the action of a freezing
mixture of salt and ice, transparent, colorless crystals are con-
densed from the mixed gases; but if the least trace of moisture
has been present, the product will be an almost colorless liquid.
The vapor of this new substance has a brownish red color; from
a mixture of two measures of nitric oxide and one measure of
oxygen, two measures of the new vapor are produced. Since
two measures of nitric oxide contain one measure of nitrogen and
one of oxygen, the composition of the new substance may be
represented by the accompanying diagram ; the molecule will be
represented by the formula p
NO,, and the composition of o)
the substance by weight will _ M
be 14 parts of nitrogen to 32 N+ - NP’
of oxygen. The name of this o
new body is Hyponitric acid,
a name derived from nitric acid by prefixing the Greek ¥xo,
“below.” The term is used to indicate that the substance to
which it is applied contains less oxygen than the other substance
from which the name is derived. Thus hyponitric acid contains
less oxygen than nitric acid, hyposulphurous acid less than sul-
phurous, and so forth. It remains to justify this assertion re-
specting the comparative oxygen-contents of hyponitric and
nitric acids.

Ezxp. 42.—Add to the nitric acid which remains from Exp. 32, pre-
viously diluted with twice its bulk of water and warmed over the
lamp, finely powdered litharge in small portions so long as it readily
disolves. The operation may be best performed in an evaporating-
dish, which should be only very moderately heated. The substance
%old under the name of litharge is a simple combination of the two
elements, lead and oxygen; the formula of its molecule is PbO, in
which Pb represents the least proportional weight of metallic lead
(plumbum) ; its composition by weight is accurately known. When
the litharge mo longer dissolves with promptness, no more should be
added, and the liquid in the dish should be evaporated to dryness, at
first on the wire gauze over the lamp, but towards the end of the
operation 6n & water-bath.

During this evaporation there escape into the air unchanged, water
and the excess of nitric acid which was not neutralized by the oxide
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of lead. ¥ Theve remains a whh s, saline substance, which has resulted

from the comhination of the oxide of lead with & portion of the nitric

acid ; it is caD4¥ sitrate of lead. Experience has proved that it is a per-

. fectly dry substaxta, containing no water whatever; it is the raw mate-
. rial, so to speak, of important experiments shortly to be described.

Ezp. 43.—Heat one or two teaspoonfuls of the nitrate of lead, of
Exp. 42, in an ignition-tube, and observe that the compound decom-
poses; deep red fumes are produced, and oxide of lead (litharge) is
left behihd. If these red vapors be carried through & U-tube immersed
in a mixture of ice and salt, & portion of the vapors condense into a
liquid, while an uncondensable gas passes through the cold tube, and
may be collected by a suitable arrangement beyond the U-tube. The
condensed liquid is hyponitric acid; the gas is oxygen. If the com-
plete absence of moisture has been secured, crystals of hyponitric acid
may often be obtained by replacing the first U-tube by a second to-
wards the end of the distillation. In fact, this is by far the most con-
venient method of preparing hyponitric acid. Into the U-tube con-
taining the liquid hyponitric acid drop a bit of ice or a little snow;
the color of the solution changes from reddish to a greenish blue, and
two layers become visible in the liquid. The explanation of this
change will be found in the next section.

The name of hyponitric acid is now justified; for it is apparent
that when the litharge was dissolved in nitric acid, it found there,
and combined with, an oxide of nitrogen containing more oxygen
than hyponitric acid does, since when this oxide of nitrogen is
decomposed by heat, as in the experiment just described, hypo-
nitric acid and oxygen are evolved, the litharge remaining behind
unaltered. Reserving the further discussion of the composition
of nitric acid, we may here speak of the properties and products
of hyponitric acid.

72. Hyponitric acid occurs in the solid, liquid, and gaseous
states; at —9°it crystallizes; above that temperature and below
22° it is a mobile liquid of sp. gr. 1-451, and of various colors at
various temperatures; it boils at 22°. The liquid acid gives off
red, acid, irrespirable vapors at the ordinary temperature. If to
liquid hyponitric acid, cooled by ice and salt, a proportionally
small quantity of ice-water be added, two layers of liquid are
formed, as has been above illustrated, the upper and least-colored
of which consists principally of nitric acid, the lower and darker
of a fluid which yields, on cautious distillation at a low tempe-
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rature, a very volatile blue liquid. This blue liquid is so unstable
that its composition and qualities are not certainly known ; but
it is supposed to be, or to contain, an oxide of nitrogen differing
from all those heretofore studied,—an oxide capable of direct
derivation from nitric oxide by adding, to any volume of this last,
one-fourth that volume of pure oxygen, and therefore answering
to the formula N,0,, and being composed of 28 parts by weight
of nitrogen and 48 parts of oxygen. This obscure substance is
known by the name of mitrous acid; though itself but imper-
fectly known, some of its compounds are not unfamiliar bodies.

73. We have already learned that the white, saline substance
called nitrate of lead can be made from oxide of lead and nitrie
acid, that it contains no water in its composition, and that when
heated it is decomposed into oxygen, an oxide of nitrogen, and
the original oxide of lead. On the basis of these facts, a method
has been constructed of determining the composition of nitric acid
by weight.

To 10 grammes of oxide of Jead add something more than enough
nitrie acid to transform it completely into nitrate of lead ; evaporate
the excess of acid, dry the residual nitrate of lead completely, and
weigh it. If W represent this weight in grammes, W —10 is the
weight of the unknown oxide of nitrogen which has combined with 10
grammes of oxide of lead to form W grammes of nitrate of lead. From
these data the percentage composition of nitrate of lead can be calcu-
lated ; 10 grammes of pure nitrate of lead invariably contain

Oxide of lead . . . . 6738 grammes.

Oxide of nitrogen . . 8262 ,,
If now 10 grammes of pure nitrate of lead be decomposed by heat
under such conditions that the vapors which it yields shall pass over
some substance capable of abstracting all the oxygen from the vapors
without affecting the nitrogen, it will be possible to collect all the
nitrogen contained in 3-262 grammes of the unknown oxide of nitro-
gen, and so to determine its volume and thence its weight.

This determination is actually made by heating the nitrate of lead in
8 long glass tube, in such a manner that all the vapors evolved from it
pess over a large surface of red-hot copper. The copper absorbs the
oxygen, the nitrogen passes over it unaltered and is collected in a suit~
able vessel and accurately measured. As the specific gravity of nitro-
gen at any given temperature and pressure is known with precision,
the exact weight of the mitrogen can be deduced from this volume.
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Such experiments often repeated have led to the conclusion that the
oxide of nitrogen, which with oxide of lead makes up nitrate of lead,
contains

Nitrogen o+ « o« « . 2593 per cent.

Oxygen . « « « « « 1407
If these two numbers be divided by the specific gravities, or unit-
volume-weights, of the two gases respectively, the quotients will
express the composition by measure of the oxide of nitrogen ; the
quotients are 1:862 and 4-63, numbers which are to each other as 1 to
25 or, avoiding fractions, as2 to 6.

The molecule of this compound is therefore considered to contain
two volumes of nitrogen and five volumes of oxygen, and is represented
by the formuls N, O,; the weight of this molecule will be 108, of
which 28 parts will be nitrogen and 80 oxygen,—a composition pre-
cisely corresponding, of course, to the percentage composition above
given. This new oxide of nitrogen may be called for the present nitrie
acid, though we shall soon learn to distinguish between this body and
common nitric acid. i

74. The combining proportions of nitrogen and oxygen in this
oxide have been experimentally determined by weight, and not
by volume, as was the case with all the preceding oxides of
nitrogen. The reason of this different treatment is to be found
in the fact that nitric acid cannot be converted into vapor with-
out suffering decomposition—not indeed into its elements, but
into oxygen and a lower oxide of nitrogen. It is therefore, in
the present state of science, impossible to obtain a volume of
nitric acid gas capable of experimental resolution into nitrogen
and oxygen.

Since a large majority of the elementary bodies are non-volatile
ander any treatment in our power to employ, and since the greater
number of chemical compounds either are non-volatile, or are,
like nitric acid, decomposed by a temperature high enough to
volatilize them, the proportions in which the elements unite by
weight are of much more general value than the proportions in
which they unite by volume ; and the methods of determining the
atomic weights of the elements have been studied with a thorough-
ness, and brought to a perfection commensurate with the funda-
mental importance of these proportional numbers.

76. Nitrio acid completes the series-of oxides of nitrogen ; no
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higher oxide is known. We are now prepared to exhibit this
series in a diagram which shall present to the eye at once the
volumetric composition of the oxides, the resultant volumes after
the condensation of the ingredients, the atomic weights of the
elements, and the combining weights of the compounds. Since
the atomic weights of the gaseous elements are at the same time
their specific gravities referred to hydrogen, it will be easy to
deduce the specific gravities, or equal-volume weights, of the
compound gases, N,0, NO, and NO,,from their combining weights
by dividing these weights by two. As the resultant volumes
after condensation are not known for the two members of this
seris N.O, and N,0,, we abstain from figuring hypothetical
volumes which analogy may point to as probable, but which ex-
periment has never demonstrated as fact.
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76. These five bodies are all chemical compounds; they are

definite and constant in composition; and all differ essentially

from their elementary constituents and from each other, as the
experiments we have performed with them have abundantly de-
monstrated. It is, therefore, obvious that two of the elements
are capable of combining in several proportions to form definite
chemical compounds; and what is here proved of two of the
elements we shall hereafter find to be true of all, though not of
every couple; so that the series of oxides of nitrogen is but one
illustration of a most comprehensivelaw. The difference between
a mechanical mixture and a chemical compound does not on this
account become less marked. The possible miztures of nitrogen

~with oxygen are innumerable; the known combinations of these

two elements are only five,—two volumes of nitrogen combining
chemically either with one, two, three, four, or five volumes of
oxygen, and with no other proportions whatsoever. . As for
volumes, so for weights; the proportional weight of oxygen in
these oxides rises by definite leaps from the first member of the
series to the last.

This definite, step by step mode of forming chemical com-
pounds is one of the most characteristic, as it is one of the most
general facts of chemistry; no other science offers a parallel to
it; but long experience and patient labor with the balance and
measuring-glass have established it as the habitual mode in which
the force called chemical ordinarily acts. The abstract results
of observation and experiment may be expressed in the following
proposition, often called the Law of Multiple Proportions: If two
bodies combine in more than one proportion, the ratios in which
they combine tn the second, third, and subsequent compounds are
definite multiples of those in which they combine to form the first.

‘While the mode of action of the chemical force set forth in
this proposition is that which has long been uppermost in the
minds of chemists, most prominent in chemical treatises, and
perheps most important to the progress of the science in the
direction in which it has thus far been cultivated, it should be
remembered that in the phenomena of solution, in the formation
of metallic alloys by fusion, and in the crystallization of minerals
and other substances with constant forms but variable composi-
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tion, the chemical force has a part to play which, if more obscure
than its ordinary manifestations, is not less real.

77. Air a mizture.—All that has been said of the distinction
between a mechanical mixture and a chemical combination finds
perfect illustration in the differences between air and the definite
oxides of nitrogen which have just been studied. Air is not, like
these, a chemical combination. The evidence that it is a mecha-
nical mixture merely may here be appropriately presented.

The statement that air contains 1 volume of oxygen to 4 volumes
of nitrogen is not absolutely true. These proportions are never
actually found ; the gases are not combined in any simple ratio
either by volume or weight ; they are always mixed in the pro-
portion of 20-81 measures of oxygen to 79:19 measures of nitro-
gen, or 23-10 parts by weight of oxygen to 76-80 parts of nitrogen.
The experimental processes by which these numbers have been
fixed are so perfect, that it is impossible to entertain the idea
that the gases are really mixed in the ratio of 20 measures to 80,
or 1 volume to 4 volumes, or the proportion of 20 parts by weight
of oxygen to 70 of nitrogen, as the formula N,0 would require.
When 20-81 parts of oxygen are mixed with 79-19 of nitrogen,
there is no development either of light, heat, or electricity, such
83 usually attends the formation of a chemical compound ; and
the specific gravity, magnetism, and refractive power of the mix-
ture are such as calculation would directly deduce from the num-
bers expressing these properties for the two constituents.

We have seen that when nitric oxide is added to nitrous oxide
1o red fumes are produced (§ 70), but that when the nitric oxide
is brought in contact with air these suffocating fumes are abun-
dantly formed, though the air contains only half as much oxygen
@3 the nitrous oxide. These experiments go to show that while
in nitrous oxide the oxygen is held in chemical combination, in
air it is free.

8trong positive evidence that air is a mere mixture is afforded
by its behavior towards water. All gases are soluble in water
to a greater or less extent, each one dissolving in a certain fixed
and definite proportion at any given temperature and pressure.
Thus at 15° and a pressure of 76 c.m. of mercury, 1 volume of °
water dissolves 0:0193 volume of hydrogen and 0-7778 volume

r2
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of nitrous oxide. As a general rule, the pressure to which the
liquid is exposed being constant, the quantity of gas dissolved by
water is less in proportion as the tempemture of the water is
high ; in many cases boiling water is altogether incapable of re-
taining gases in solution, particularly those which are only spa-
ringly soluble at any temperature.

Hence, by prolonged boiling, many gases can be completely
expelled from the water which held them in solution. For ex-
ample, if a solution of nitrous oxide be boiled, and the gas be
collected as it escapes, this gas will be found to exhibit the cha-
racteristic properties of nitrous oxide. The nitrous oxide has not
been altered by the act of salution. It still remains a definite
chemical compound as before. But a result very different from
this is obtained upon boiling water which has become charged
with the ingredients of atmospheric air. The gas collected in this
case is composed of oxygen and nitrogen, it is true, but not in
those proportions in which the elements are united in air.

Water does not dissolve air directly as such, as it should do
were air a chemical compound; but it dissolves out from it a
quantity of oxygen, just as if no nitrogen were present; at the
same time it dissolves nitrogen in accordance with the solubility
of this element, and to precisely the same extent that it would
absorb it if there were no oxygen in the air. Oxygen is dis-
solved by water in larger proportions than nitrogen; 1 volume
of water at 15° and under a pressure of 76 c.m. of mercury
dissolves 0-02989 volume of oxygen, but only 0:0148 volume
of nitrogen.

Exp. 44—By means of a sound perforated cork or caoutchouc
stopper, adapt to a flask of the capacity of 1 or 2 litres a gas-delivery
tube, No. 6, long enough to reach to the water-pan in the usual way.
Upon the outer end of the delivery-tube tie a short piece of caoutchoue
tubing, to which a stopper, made of a bit of glass rod or a woeden plug,
has been fitted. Fill the flask completely with ordinary well or river
water; fill also the delivery-tube with water, and close it by putting
the stopper in the caoutchouc tube. Carefully place the cork of the
delivery-tube in the neck of the flask in such manner that no air shall
be entangled by the cork; at the same moment remove the plug from
the delivery-tube, and finally press the cork firmly into the flask. Both
flask and tube will now be completely full of water. Place the dried
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flask upon a ring of the iron stand, and invert & small bottle filled with
water over the end of the delivery-tube. Then slowly bring the con-
tents of the flask to boiling.

As the water gradually becomes warm, numerous little bubbles of
g will be seen to separate from the liquid and to collect upon the
sides of the flask ; these subsequently coalesce to larger bubbles, which
collect in the neck of the flask. As soon as the water actually boils,
the steam will force this air out of the flask, and it will collect in the
inverted bottle at the end of the delivery-tube, the steam being mean-
while condensed as fast as it comes in contact with the cold water in
the pan. By continuing to boil moderately during ten or fifteen mi-
nutes, nearly all the air can be swept out from the flaak by means of
the escaping steam. The gas delivery-tube may then be lifted from
the water-pan and the lamp extinguished.

From a litre of ordinary water about 50 c. c. of gas can usually
be obtained. This contains, of course, besides oxygen and nitro-
gen, a certain amount of carbonic acid; but careful analyses
have shown that it is much richer in oxygen than ordinary air,
the proportion of oxygen to nitrogen in the gas from water being
48 32 to 68 in 100 volumes, instead of 2081 to 7919 as in air.

-~ 78. Mitric Acid.—The nitric acid above referred to (§ 73),
whose composition is represented by the formula N,O,, is an un-
stable solid which melts at 30°; the liquid produeed boils at 47°
and is decomposed at 80°. The crystals of this substance are
transparent and colorless ; they undergo spontaneous decomposi-
tion into hyponitric acid and oxygen, even when preserved in
closed tubes. It is obvious that this is not the common nitrie
acid with which we are already familiar. 1t remains to demon-
strate that commercial nitric acid contains water and the oxide of
nitrogen N,0,. A single experiment may be made use of to
demonstrate the presence of water in common nitric acid, and at
the same time to determine the proportion in which it enters into
the composition of the sample of acid examined.

By adding to a known weight of common nitric acid (10 grammes,
for example) a weighed quantity of the oxide of lead much larger than
the acid is able to dissulve (100 grammes, for instance), and then
heating the mixture, with suitable precautions against over-heating, in
a weighed flask, the vapor of water, and nothing else, is given off;
this vapor may of course be condensed, and proved to be common
water. Since the oxide of lead contains no water, and the nitrate of
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lead ig also anhydrous, it follows that whatever water escapes from the
flask during the heating must be derived from the 10 grammes of nitric
acid, and, further, that if the heating be long enough maintained, all
the water which the acid contained will be expelled. By weighing the
flask and its contents after all water has been thus driven out, the loss
of weight will be the quantity of water contained in the 10 grammes
of acid.

It has been already proved (Exp. 42) that the nitrate of lead,
which, with a quantity of unused litharge, constitutes the residue
in the flask, yields the oxide of nitrogen N,0,. If this oxide of
nitrogen be called nitric acid, then is the common acid Aydrated
nitric acid; but if the shorter name, nitric acid, be applied to the
commoner substance the commercial acid, then the oxide N, O,
must be distinguished as ankydrous nitric acid.

79. Anhydrous nitric acid unites with water in at least two
definite proportions; its molecule combines with one molecule of
water, or with four, to form the two hydrates represented by the
formule H,0, N,0,, and 4H,0, N,O, respectively, wherein the
symbols of one and four molecules of water are simply placed
beside the formula of the molecule of anhydrous nitric acid.
Ponderal analysis has given us this knowledge of the composition
" of these two hydrates, by actually weighing the proportion of
water combined with the oxide of nitrogen in the two cases.

When pure n¥ric acid is spoken of, the acid containing one
oombining proportion of water to one of the oxide of nitrogen is
generally referred to. This acid is often called the monohydrated
acid, an adjective which may be applied to any substance which
is coupled with a single molecule of water. The monohydrated
acid is a colorless, transparent, mobile liquid of specific gravity
1:52, which boils at 86° and freezes at about —50°. Light
slowly decomposes it, and a very moderate heat resolves it, not
indeed into its elements, but into less complex compounds. It
exerts a highly corrosive action on organic bodies, and stains
tissues containing nitrogen of a bright orange colour. It should
be handled with great care, as it burns the skin like a hot iron.
It absorbs water from the air, When mixed with water, heat is
developed from the mixture, and the second definite hydrate is
formed, 4H.0, N,O,,—a colorless, strongly acid liquid, having a
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specific gravity of 1-42, and containing 60 per cent. of anhydrous
nitric acid. To this last hydrate all weaker and stronger acids
are alike converted by boiling. The ordinary nitric acid of com-
merce has a specific gravity of either 1-40 or 1-42, and therefore
contains either 56 or 60 per cent. of anhydrous nitric acid.
Sometimes its specific gravity is as low as 1-33 or 1:28. What
is known in commerce as aqua fortis is a still weakes nitric acid
containing some nitrous acid and other impurities.

80. Nitric acid, especially when hot, gives up a part of its
oxygen with great facility to substances capable of combining
with oxygen. When a substance habitually and readily imparts
oxygen to other bodies with which it is brought in contact, it is
called an oxidizing agent; and, on the other hand, a substance
which habitually and readily takes oxygen out of other substances
with which it is brought in contact, is called a reducing agent.
When concentrated, nitric acid acts with more energy than when
diluted with water; and when mixed with strong sulphuric acid
(a substance which tends to take water from other compounds),
it becomes an oxidizing agent of intense power. We have seen
liquid nitric acid yield a part of its oxygen to copper with evolu-
tion of nitric oxide, a lower member of the series (Exp. 37), and
we have also learned that the vapor of anhydrous nitric acid will
give all its oxygen to red-hot copper, nitrogen being set free
(§ 73). Most of the metals are dissolved by nitric acid, with
evolution of one or other of the lower oxides of nitrogen; and
sulphur, phosphorus, arsenic, carbon, and many other less familiar
elements are converted by it into oxides. Organic substances
are oxidized by nitric acid to very various degrees and with very
various products, according to the strength and temperature of
the acid employed.

81. Combining Weights of Chemical Compounds.—The atomic
weight of oxygen, or the weight of the least proportional quan-
tity of oxygen which enters into combination, is the same when
it unites with nitrogen as with hydrogen. It is a general fact,
that each element has but one least combining weight with each
and all of the other elements. The alomic hypothesis is based
upon this important fact. This hypothesis attributes to the
imagined atom of each element & constant proportional weight,
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expressed by the same number which experiment proves to be
the combining proportion by weight of the element taken in
finite, ponderable quantities. In this sense the atom of oxygen
is said to be 16 times as heavy as the atom of hydrogen, and the
atom of nitrogen 14 times as heavy as the atom of hydrogen.
The combining weight of a chemical compound is always equal
to the sum of the atomic weights of the elementary atoms con-
tained in its molecule. Thus the combining weight of water,
H,0, is 18=2+16; of anhydrous nitric acid, N,0,, is 108
=2x144+5x16; of monohydrated nitric acid, H,0, N,O,, is
126=2+2x14+6x186.

It must never be forgotten that these combining weights are
not absolute weights, but simply express the proportions by
weight in which the elements and their compounds invariably
unite. The combining weight of a compound is directly deduced
from the composition of the molecule, or least quantity of the
compound which can exist by itself uncombined, or take part in
any chemical process. To correctly determine this least propor-
tional quantity often requires a large accumulation of facts, and
a just collation of these facts, such as is possible only when a
wide experience is added to a keen insight into the principles of
chemical philosophy.

82. The discussion of the true molecular formule of chemical
compounds presents difficulties which render it entirely unsuit.
able for our present stage of progress; nitric acid, however, wik
enable us to illustrate one of the difficulties appertaining to the
subject. 'When nitric acid dissolves oxide of lead (Exp. 42) the
reaction which occurs may be thus symbolized :—

PO 4+ HO,NO, = PLO,NO, + HO
Litharge. Nitric acid. Nitrate of lead.  Water.

The resulting molecular formulse of nitrate of lead is not divisible
by any namber but unity, and therefore cannot be made simpler
and still express the same proportional combination of its ele-
ments.

If instead of the oxide of lead we employ the oxide of silver,
we shall find it possible to express the resulting molecule of
nitrate of silver by two formuls, either of which will represent



COMBINING WEIGHT OF NTTRIC ACID. 73

correctly the proportions by weight in which the elemonta have
combined : —
Ag0 4+ HO,NO, = AgO,NO, + HO; or
Ozxide of silver.  Nitric acid. Nitrate of silver.  Water.
AgO0 + HO,NO, = 2AgNO, + HO.

Now there is a class of metals which enter into reactions in the
manner of silver in the above equations; and there is another class,
of which lead may be taken as an example; and the difference
between these two classes is put into the form of a definition by
the statement that silver and its analogues are uni-valent or
mono-atomic, and that lead and its analogues are bi-valent or
bi-atomic,—terms which are intended to express the fact that
one atom of any metal of the lead class is capable of uniting with
twice a8 many atoms of oxygen, chlorine, or any other element
as one atom of any metal of the silver class.

The use of the common algebraic signs in these formnha re-
quires no explanation. The sign of equality denotes the equality
of the sum of the atomic weights on either side of it; a numeral
on the left of a group of symbols is intended to multiply the whole
group, unless a comma divides the group, in which case the nu-
meral multiplies that part of the group on the left of the comma ;
brackets are sometimes used, as in algebra, to mark the extent
of the multiplication. The formula of nitric acid itself admits of
simpler expression :

HO,N,O0, = HN,0, = 2HNO,.
The first formula reminds us that the nitric acid, of which we
speak, may, by indirect means, be made to yield anhydrous nitric
acid and water ; from the second we easily learn the proportions
in which the three elements are united by weight ; but the third,
HNO,, expresses these same proportions with precision, and is
the most concise of the three. Now, although the two formule
HN,0, and HNO, express precisely the same compound of the
tame three elements in the same fixed proportions by weight, the ,
combining weight of nitric acid is 63 if the last formula be cor-
rect, and 126 if the first represents the real molecule of the acid.
In the great majority of chemical processes in which nitric acid is
involved, that proportional weight of nitric acid is necessary which
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is implied by the molecular formula H,N,O,; but there are not a
few cases in which the proportional weight represented by the
simpler formula HNO, completely accomplishes the actual reac-
tion, and is capable of representation in the algebraic form.

To illustrate the first class of cases we have the formuls, just
given, of the reaction which occurs when oxide of lead is dis-
solved in nitric acid; a less proportional wexght of nitric acid
than H,N,0, or 2HNO, will not answer the conditions of the re-
action. Let us draw from the preceding sections some further
illustrations of this class of nitric-acid reactions. When copper
(whose symbol is Cu, from cuprum) is used to set free nitric
oxide from nitric acid (see Exp. 37), the reaction is symbolized
as follows :—

3Cu + 4HNO, = 2NO <4 3CuN,0, + 4H,O.
Oopper.  Nitric acid. Nitric oxide. Nitrate of copper. Water.
‘When nitrate of lead is decomposed by heat into litharge, hypo-
nitric acid, and oxygen, the following equation represents the
chemical change :—
PbNO, = PO + 2NO, + O.

In these two reactions the nitrates of copper and lead contain two
combining weights of nitrogen and six of oxygen for each one of
the metal.

To illustrate the second class of nitric-acid reactions, we have
only to explain more fully the nature of some of the substances
with which we have already experimented. As the nitrate of
lead may be made by bringing together oxide of lead and nitric
acid, water being eliminated, so the nitrates of potassium and
sodium, from which we originally prepared nitric acid (see
Exp. 32), may be formed by an analogous, though not identical,
reaction. The composition of common caustic potash, or caustic
soda, may be expressed in two ways. Some chemists represent
these substances as consisting of oxide of potassium, or sodium,
and water, and therefore prefer the formula X,0,H,0; while
other chemists divide this molecular formula by two, and repre-
sent caustic potash by the briefer formula KHO, and caustic soda
by the corresponding symbol NaHO. In these formule K stands
for Kalium, the Latin name of potassium, and Na for Natrium,
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the Latin name of sodium. If we adopt for the moment these
lhor!’er formula, which of course express precisely the same pro-
Por.honal composition by weight as the longer, the reaction by
which nitrate of potassium, or sodium, may be prepared will be
written as follows :—
mo + . HNO, = KNO, 4+ HO
Caustic potash.  Nitric acid. Nitrate of potassium. Water.
NaHO 4+ HNO, = NaNO, + HO
Caustic soda. Nitric acid.  Nitrate of sodium. Water.

From this nitrate of potassium, or sodium, nitric acid is prepared
(see Exp. 32) by treating it with sulphuric acid, a substance whose
composition by weight, as we shall hereafter learn, may be cor-

rectly expressed by the formula H,80, This reaction may be

thus symboliged :—

KNO, + HS0, = KHSO, + HNO,
Nitrate of potas. Sulph. acid. Acid sulph. of potas. Nitric acid.
By substituting Na for K the reaction with nitrate of sodium
would be represented. It thus appears'that the molecule of nitrie
acid, which will represent in the simplest way its reactions with
¢austic potash, will not represent at all its reactions with oxide
of lead, unless two molecules are assumed to enter into every re-
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had at the druggist's. Close the flask by a cork provided with a
funnel-tube and an exit-tube; carry the delivery-tube to the bottom
of a tall bottle, having & capacity of at least a litre and filled with
fragments of quick-lime.

‘When the ammonia-water Fig. 2.

in the flask is gently boiled,  [|(J
the gas which passes off
will be deprived of mois-
ture by the quick-lime and
will issue dry from the
bottle; it may be collected
either over mercury, or by
displacement, as shown in
the figure (Fig. 25). The
gas is 80 extremely soluble
in water that it cannot be
collected over the ordinary
water-pan ; as it has little
more than half the density
of atmospheric air, it can
be readily collected by dwplwement. When thus collected, the gas
should be allowed to pass into the very loosely corked bottle, until a
piece of turmeric paper, held at the mouth, is immediately turned
brown; the delivery-tube is then withdrawn, and the mouth of the
bottle is tightly closed with a caoutchouc or glass stopper.

The gas thus obtained is transparent and colorless, possesses
an extraordinarily pungent odor which provokes tears, and has an
acrid, alkaline taste. It will be found to be uninflammable, and
is, of course, irrespirable. It turns red litmus to blue most ener-
getically. TIts specific gravity as deduced from actual experiment
is 8:62; a litre of the gas weighs 0-7625 grm. One measure of
water at 0° dissolves 1049 measures of the gas.

The ready solubility of ammonia gas may be exhibited as follows :
—Fill a stout glass tube, an ignition-tube for example, over mercury
with the gus; grasp the tube by the top, and, holding it upright, dip
its mouth into a vessel of water. The water will rush up the tube, if
the gas be pure, with a force which might break the tube, if too thin.

84. The solution of ammonia exposed to the air, or placed in a
vacuum, or simply boiled, loses all its gas. As its ready solubi-
lity in water suggests (compare § 68), the liquefaction of the gas
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is not only possible but easy; the gas becomes a colorless, trans-
parent, mobile liqnid at 0°, under a pressure of 4} atmospheres,
or at —40° at the ordinary pressure. This liquid freezes at
sbout —80°. An excellent freezer, applicable on both the large
and small scale, is now constructed, in which the cold is produced
by the rapid evaporation of liquefied ammonia-gas. It is the low
pressure at which ammonia becomes a liquid which renders this
machine possible.

85. But of what is this gag, whose properties are so strikingly
unlike those of any gas previously studied, composed? The
question may be answered by the following experiment :—

With the exit-tube of Fig. 26,
the drying-bottle of an ap-
peratus fitted for the gene-
ntion of ammonia gas as
shown in the figure (Fig.
20), connect a tube of hard
glass, in which a bulb has
been blown (see Appendix,
§4). Thrust into this bulb
& piece of the metal potas-
Sum; csuse smmonia gas
to low through the bulb
by heating the contents of
the flask, and then warm
the glass bulb, Assoon as
the potassium melts, it be- *
comes covered with a brownish-green film, and a gas begins to escape
which we recognize as hydrogen by lighting it at the mouth of the
tube. The burning gas is certainly not ammonia, for ammonia is not
inflammable, but, as the odor proves, it is mixed with some ammonin
which has escaped decomposition by the potassium.

To separate this ammonis, and collect the pure hydrogen, fill a test-
tabe, about 14 c.m. long, three-quarters full of mercury ; pour water
upon the mercury till the tube is full, close the tube with the thumb,
aud invert it into & cup of mercury ; with the outer end of the bulb-
tube (Hig. 26) connect a suitable delivery-tube which shall dip into the
cup of mercury and deliver the gas into the test-tube, whose upper
quarter is full of water. The gas must pass through this water, which
frees the hydrogen from intermixed ammonia.
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It is absolutely necessary to use mercury in this experiment, becsuse
if the delivery-tube were allowed to dip into water, the extreme solu-
bility of ammonia in water might cause the water to suck back into
the bulb containing the heated metal, whereupon an explosion would
inevitably ensue.

< v -3 86. Having thus learned that potassium will set free hydrogen
from ammonia, just as the analogous metal sodium eliminates
hydrogen from water, we shall be inclined to try upon ammonia
the same powerful agent by which we resolved water into its
elements—the galvanic current.

A glass tube (No. 1), 60 to 80 c.m. long, open at one end and closed
at the other, is bent into the form of a V; the closed limb is provided
with a platinum-wire fused into the glass, through which the wire
passes, to terminate near the bend of the V, in Fig. 27.

a slip of platinum foil. Fill the whole of the

closed limb and nearly half of the open limb of

this tube with ammonia-water, to which has

been added a teaspoonful of a strong solution

of sulphate of ammonium in order to increase

its conducting-power; support the tube as

shown in the figure (Fig. 27), and connect with

the platinum-wire in the closed limb of the

tube the negative or zinc pole of two medium-

sized Bunsen cells, at the same time inserting

a platinum-wire and plate, attached to the po-

sitive or carbon pole, in the open limb. Gas

quickly collects in the closed limb. Discon-

nect the battery-wires, fill the open limb with water, close it with the
thumb, and by inclining the tube transfer the gas to the open limb.
On applying a match to the gas, it proves to be inflammable, and we
recognize it without difficulty as hydrogen.

The experiment is now repeated with the electrodes reversed ; the
positive pole is connected with the sealed, and the negative with the
open limb. The hydrogen, which is disengaged at the negative pole,

hrough the open end of the tube into the air, while a
1d colorless gas, previously evolved at the positive pole
mb and consequently lost, is now collected in the scaled
»aratus. The quantity of gas evolved at the positive pole
sly small, but in half an hour enough for examination
have been collected. By the same manipulation as before,
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transfer this gas to the open limb, and thrust into it a lighted match.
It is neither inflammable nor will it support combustion, and has in
itself neither taste nor smell; it is the inert nitrogen.

A cheaper and perfectly effective form of the apparatus used in this
experiment may be made by closing one end of & common U-tube with
a good caoutchouc stopper, through which the conducting wire is
thrust,

87. These experiments have conclusively proved hydrogen and
nitrogen to be constituents of ammonia; and it now becomes
desirable to prove synthetically that these two gases are the only
constituents of ammonia; which would be dome, if ammonia
could be experimentally produced by the direct union of the two
gases. Unfortunately, no process has been discovered whereby
ammonia can be directly reproduced from free hydrogen and
free nitrogen. The following experiments, however, will demon-
strate that ammonia is actually produced from materials which
sre known to generate a mixture of hydrogen and nitrogen—or,
more strictly, which are known to be capable of generating both
hydrogen and nitrogen :—

Ezp. 45.—Place in an ignition-tube an intimate mixture of 8
grammes of fine iron filings with 02 gramme of caustic potash ; adapt
a delivery-tube (No. 7) to the ignition-tube, heat the contents of the
tube over the gas-lamp, and collect the gas which escapes in a test-
tube over the water-pan. Examine this gas, which will prove to be
the inflammable hydrogen. Caustic potash, a8 we have already
leamned (p. 74) consists of potassium, hydrogen, and oxygen; at a high

temperature, metallic iron is able to seize upon a portion of the oxygen
in this compound, setting free hydrogen, which finds no place in the
new combinations.

Ezrp. 46.—Heat in a second ignition-fube, similarly disposed, &
mixture of 3 grammes of fine iron filings and 02 gramme of nitrate
of potassium, and collect the gas as before, over water. This gas has
neither taste nor emell, and when tested with a lighted splinter it is
found to be uninflammable, and in fact to extinguish the taper. It is
mtrogen. Nitrate of potassium contains, as has been already stated
(p. 76), potassium, nitrogen, and oxygen; at the high temperature
employed the salt is partially decomposed, the metallic iron combines
;l: the oxygen of the nitrous vapors formed, and their nitrogen is set

Eap. 47.—In a third ignition-tube, heat the same quantities of the
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same materials which have been used in the last two experiments, at
once and together. A delivery-tube is not necessary in this case ; the
tube may be held in the wooden nippers by the open end. Neither
hydrogen nor nitrogen will be evolved as before, but instead of them
we have ammonia, whose presence may be manifested by holding a
bit of reddened litmus-paper at the mouth of the tube. The intense
alkaline reaction of the gas, and its odor, sufficiently distinguish it from
both hydrogen and nitrogen.

88. Itis to be observed that the hydrogen and nitrogen, which
refuse to unite when once actually in the free state, will form a
chemical compound, as in the last experiment, at the precise in-
stant when they issue from other compounds of which they formed
part. This fact is expressed by saying that these two gases will
enter into combination when in the nascent state—that is, at the
moment of birth.

There are numerous cases in which bodies which do not unite
under ordinary conditions are capable of chemical combination at
the instant when they are disengaged from other compounds ; and
the phrase  in the nascent state” is one of some convenience,
though it must not be supposed to explain, or in any way to
account for, the phenomena with reference to which it is nsed.

89. The exact quantitative analysis of ammonia gas will afford
proof that hydrogen and nitrogen are the sole constituents Fi. 98
of this gas, and will further show the proportions in which = & <**
they are combined. Ammonia is completely decomposed
into its elements by heat—the heat of a furnace er the
heat produced by a continuous discharge of electric sparks.
‘When, therefore, 50 c. ¢. of the gas are placed in a eudi-
ometer (gas-measure) (Fig. 28), and sparks are passed
between the platinum points by means of a Ruhmkorff
apparatus, the gas is finally resolved into its elements;
its volume increases until it reaches 100 c. c., or double its ori-
ginal bulk, when it remains constant. We know that a part, at
least, of these 100 c. ¢. of gas is hydrogen, and that this hydro-
gen can be eliminated from the gaseous mixture by introducing
oxygen in sufficient quantity to convert the hydrogen into water,
and then exploding the mixture. Were the 100 c. c. of gas all
hydrogen, 50 c. ¢. of oxygen would convert it into water. That
we may be sure of having enough oxygen, lot us introduce into




COMPOSITION OF ANMMONIA. 81

the eudiometer 50 c. o. of oxygen, and then pass a spark to explode
the mixture. _ .
After the explosion, only 37-5 c. e. of gas will remain ; 112-5
¢ ¢ have disappeared, having been converted into water. But
of these lost 1125 ¢. c. we know that 75 c. c. must have been
hydrogen and 875 c. c. oxygen, in accordance with the kmown
volumetric composition of water; consequently, the 100 c. ¢. of
gas, into which the original 50 c. ¢. of ammonia were dilated,
contained 75 c. c. of hydrogen. After the explosion, there re-
mained 375 c. ¢. of gas, and since we used only 37-5 c. c. of
oxygen out of 50 c. c. added, we may infer that 12-5 c. c. of
oxygen still remain in the residue from the explosion. On intro-
ducing into the eudiometer a little pyrogallic acid (an acid used
in photography) dissolved in water, and a few drops of a solution
of caustic potash, these 12-5 . c. of oxygen will all be absorbed
by these liquids, and there will remain 25 c. c. of a colorless gas,
which may readily be recognized as pure nitrogen. The original
50 c. c. of ammonia have therefore yielded 75 c. c. of hydrogen
and 25 c. ¢. of nitrogen, and the composition of ammonia, both
by weight and measure, may be fully expressed by the diagram s

)

%1 _ A
L+ 14—NH,17

~r::l .

/

This composition of the gas is verified by its specific gravity as
determined by experiment, namely, 8-62.
Three volumes of H weigh . . . . 8
One volume of N weighs - . . 14
Two volumes of NH, should weigh . . 17
One volume of NH, should weigh . . 86
a number sufficiently near the result of direct experiment.
90. The knowledge, thus acquired, of the composition of am-
monia will enable us to recur with advantage to some of the ex-
e
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periments performed in the first part of this chapter. Ammonia

gas, when dissolved in water (as in the Liquor Ammonige), must be
" considered to be in combination with one malecule of water, in
the form of the compound NH,,H,O or NH;O. This compound
may be supposed to be dissolved in the water present in excess of
what is necessary to form the compound. When this water of
ammonia combines with nitric acid, as in Exp. 33, to form the
compound we have called nitrate of ammonium, a reaction occurs
precisely similar to that which takes place where caustic soda
combines with nitric acid (p. 75); but in order to bring out the
resemblance, the elements of the compound of ammonia and water
must be so arranged as to exhibit its analogy with caustic soda,
whose formula is NaHO. For that purpose its formula must be
written (NH,)HO, so that the group of elements NH, shall stand
in the formula of water of ammonia where the element sodium
stands in the formula of caustic soda. The combination of water
of ammonia with nitric acid may then be represented by the
equation

(NH)HO + HNO, = (NH,)NO, + HO

. Ammonia-water.  Nitric acid. Nitrate of ammonium.  Water.

just like

. NaHO + HNO, = NaNO, + H,0.

The student may write both of these reactions in the typical

mam:er; the simple type water, g } 0, is the only one needed to

represent all these substances, whether before or after the reac-
tions which take place between them.

91. Ammonia-water combines with nearly all the acids with
which soda is capable of combining, forming a series of compounds
in which the group of atoms NH, plays the same part which the
single atom Na plays in the corresponding compounds of sodium.
For this reason it has been found convenient to give to this group
of atoms a name bearing some resemblance to the names of
metals, and it has therefore been called ammonium. Ammonium
is known only in its compounds; many attempts have been made
to obtain it in a free state, but hitherto in vain; as soon as the

group of atoms escapes from combination, it is resolved into am-
monia and hydrogen.
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The important compounds into which ammonium enters, com-
monly called the salts of ammonium, will be studied hereafter in
immediate connexion with the analogous salts of sodium and
potassium. Already, however, it will be possible to verify the
statement of § 66, to the effect that nitrous oxide contains ¢ all
the elements, besides those of water, which enter into the compo-
sition of nitrate of ammonium, and therefore of its constituents,
nitric acid and ammonia-water.” The reaction last given shows
that a molecule of nitrate of ammonium contains all the elements
of & molecule of nitric acid and a molecule of ammonia-water,
less one molecule of water. If the formulee of ammonia-gas and
nitrateof ammonium have been correctly determined, it will be easy
to exhibit in an equation the actual result of Exp. 34, as follows :—

(NH,)NO, = N,0 + 2H,0.
We thus link together several distinet experiments, and confirm
the determinations previously made of the composition of nitrie
acid, nitrous oxide, ammonia, and water, by showing that the
representative formule of these substances exhibit with perfect
precision reactions already well known to us, but other than those
from which the formuls in question were originally derived.

92. Ammonia exists in very minute quantity in the atmo-
sphere, and hence in rain-water, fog, and dew. The proportion
of ammonie in rain-water has been variously given by different
observers, from 349 parts to 0-744 part of ammonia in 1,000,000
parts of water. The water of fog and dew contains a larger
proportional quantity of ammonia; on account of the high solu-
bility of the gas, the proportion of ammonia in water derived
from the atmosphere is greater, the smaller the fall of water.
Ammonia is given off by putrefying animal and vegetable sub-
stances containing nitrogen ; and almost every process of slow
oxidation in the presence of air and moisture is attended with the
formation of ammonia or ammonia salts. Moistened iron-filings,
if exposed to the air, become rusty; and this rust is found to
contain a small quantity of ammonia. When some of the metals,
by preference tin, zine, or iron, are dissolved in dilute nitrio
acid, the oxidation of the metal is frequently accompanied, to &
greater or less extent, by the production of ammonia. But the
chief source of ammonia and its compounds is the decomposition,

a2
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either by putrefaction or destructive distillation, of nitrogenous
organic matter, The distillation of bones and animal refuse, for
the purpose of making bone-black, yields a large amount of am-
moniacal liquor, which was formerly the principal source of the
compounds of ammonia; the horns of deer used to be thus dis-
tilled, whence the name “ hartshorn.” At present, the destruc-
tive distillation of coal in gas-works furnishes the great bulk of
ammonia compounds used in the arts. The ammoniacal liquor
of the gas-works is water contaminated with tarry matters, and
holding in solution a small proportion of very volatile ammonium
salts. These volatile salts are distilled off, by application of heat,
into dilute sulphuric or muriatic acid, and the sulphate, or chlo-
ride, of ammonium thus formed is obtained from the dilute liquid
by evaporation and crystallization. These salts will be studied in
detail hereafter.

93. The solution of ammonia-gas in water is a reagent con-
tinually required, as a test, in the laboratory, and much used in
the arts. The solution is colorless, intensely alkaline, has a
caustic taste, and, when concentrated, blisters the skin. The solu~
tion is lighter than water, and so much the lighter in proportion
to the amount of ammonia it contains ; for this reason its strength
may be accurately determined by its specific gravity. Tables of
the relation of strength to specific gravity may be found in che-
mical dictionaries. The applications of ammonia-water are nu-
merous and various; it is an ingredient in many pharmaceutical
preparations; applied to the skin, it is an irritant, and, when
very strong, even a caustic; its pungent odor is reviving and
stimulating ; in veterinary practice it i8 a useful medicament;
on account of its alkalinity it is used in removing grease from
cloth, and in restoring colors which have been changed by acids.
The solution is ordinarily prepared from a mixture of chloride, or
sulphate of ammonium, with slaked lime.

Ezp, 48.—Mix intimately 25 grms. of chloride of ammonium, a sub-
stance generally sold under the name of sal-ammoniac, with about the
same weight of cold freshly slaked lime. Introduce the mixture into
a flask of 500 c.c. capacity, and place the flask on a sand-bath over
the gas-lamp. If a smaller flask be used, the quantities of the mate-
rials must, of course, be proportionally diminished. Close the mouth
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of the flask with a good cork, provided with a delivery-tube so bent as
to connect conveniently, by means of a caoutchouc connector, with the
first of the series of small three-necked bottles (Woulfe'’s bottles) re-
presented in Fig. 29.

Fig. 29,

The first of this series of bottles is smaller than the rest, and is not
filled so full of water as the others; it should be kept cool by immer-
sion in cold water; the delivery-tube coming from the flask into this
bottle must rot dip into the water at all, so that it will be impossible
for any water to suck back into the flask, should the gas suddenly
cease to come off from the dry mixture. The construction of the
apparatus is easily to be understood from the figure; the open tube
which dips beneath the water in each bottle is a safety-tube, which, by
admitting air into any bottle in which a partial vacuum may happen to
be created by rapid absorption, prevents the contents of the succeeding
bottle from flowing back into it. In order to show the action of the
nafety-tubes, the open tube in the first bottle may be closed for a
moment with the finger and the bottle shaken very gently. Water
will immediately be forced back from the second bottle through the
connecting-tube to fill the vacuum caused by the absorption of the
smmoniacal gas ; but the moment the finger is removed from the safety-
tube air will enter through the latter to fill the vacuum, and the water
in the connecting-tube will fall back into the second bottle.

The ammonia-gas cannot avoid four separate contacts with water as
it passes through the apparatus, so that all the gas is sure to be ab-
sotbed ; the contents of the first bottle will not be as pure as those of
the sueeeedmg This apparatus, or modifications of it, is used on the
large scale as well as the small,in operat ons which involve the absorp-
tion of & gas by a liquid ca.pa.ble of dissolving it. When a large quan-
tity of gas is continuously delivered from the generating vessel, the
absorption can be made equally continuous by successively removing
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the bottle nearest the flask as soon as the liquid in it is saturated, and
adding a fresh bottle at the other end of the series. On heating the
flask, the ammonia-gas will be set free from the mixture, and in this
experiment will be mostly absorbed in the first and second Woulfe-
bottles. Itis evident that the Woulfe-bottles in this experiment might
be replaced by common bottles with mouths wide enough to admit
corks pierced with three holes.

The reaction between the chloride of ammonium and the
slaked lime is represented by the following equations :—

2NHCl 4 CaHO, = 2NH, + CaCl, + 2HO
Ohloride of  Slaked lime. Ammonia. Chloride of  Water.
ammonium. calcium,

Chloride of ammonium is a compound which may be obtained by
bringing together dry ammonia, NH,, and dry muriatic acid gas
HC1 (see Exp. 65).

NH, + HCl = NH,HCl = NHCL
It may obviously be regarded as a compound of the group called
ammonium, NH,, with the element chlorine; from this view is
derived the name chloride of ammonium. Slaked lime is pre-
pered from water and quicklime, a substance which is chemically
the oxide of the metal calcium,
CaO + H,0 = Ca0,H,0 = CaH,0,.

94. In each of the last two chemical equatious, two expressions
are given for a single substance; in the first case, chloride of
ammonium is formulated in two different ways, and in the second,
glaked lime. We may now inquire into the meaning of this
diversity of expression for one and the same substance. A for-
mula which simply represents the number of atoms of each ele-
ment in one molecule of any substance, as determined by its
analysis, is called an empirical formula. The truth of such a
formula depends solely upon the correct performance of the ana-
lytical process, and upon the accuracy with which the atomio
weights have been determined. Concerning such formule there
is little room for difference of opinion; they express all that we
actually know of the elementary composition of any compound
body. But chemists have endeavoured to contrive formule which
should express something more than the mere elementary com-
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poeition by weight—which should recall the materials from which
the formulated substance was made, and prophesy the products of
its decomposition—which should not only name and number the
atoms of the substance, but should also suggest such a grouping
or arrangement of those atoms as might serve to interpret its
known reactions. Such formule are called rational formuls.
Thus NaHO is the empirical formula of caustic soda, while
N3,0,HO is a rational formula of the same substance, which
recalls the facts that it may be made from anhydrous oxide of
sodinm and water, and that it enters into many reactions in
which the Na,O goes one way and the H,O another.

Another rational formula of the same substance is g‘} 0,

which suggests many reactions in which caustic soda is involved
either as product or ingredient—for example, the decomposition
of water by metallic sodium (see Exp. 14), which may be thus
written :—

%}O+Na - g“}o.pn.

We shall hereafter meet with many such reactions, in which an

atom of sodium replaces an atom of hydrogen; the formula
Na

H }0 suggests this large class of reactions by implying that
caustic soda is itself constituted as water in which an atom of
sodium has replaced an atom of hydrogen. Such formule as
H,0N,0,, PbO,N,O,, Na,0,N,0,, and No,O.H O, are called
dualistic, because they represent these bodies as of a dual nature
—a3 being made up of two oxides which were distinct before
they were brought together to form the compound, and will be
distinct when separately extracted from it; in a dualistic formula
these two distinct parts are conventionally represented as having
some separate existence within the compound itself. The sup-
position is mot unnatural ; thus, for example, common plaster of
Paris is a substance containing the metal calcium and the ele-
ments sulphur and oxygen in the proportions by weight which
are correctly expressed by the formula CaSO, ; but this substance
may be made by methods which suggest another formula. If we
put together quicklime Ca0, and anhydrous sulphuric acid S0, in
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due proportions, under suitable conditions, plaster of Paris, or, as
its chemical name is, sulphate of calcium, results—
CaO + 80, = Ca0,80,;
or if we mix slaked lime CaO,H,0 with strong sulphuric acid
H,0,80,, in proper proportions, at a suitable temperature, we
shall again obtain sulphate of calcium, and water will be elimi-
nated :—
Ca0,H,0 + H,0,80, = Ca0,80, + 2H,0.

Accordingly we find that the great majority of chemists have
hitherto written the formule of sulphate of calcium, hydrated
oxide of calcium, and hydrated sulphuric acid, in conformity with
the suggestion of these reactions, Ca0,80,, CaO,H,0, and
H,0,80, respectively. Of positive knowledge concerning the
actual grouping of the imaginary atoms which are supposed to
make up the hypothetical molecule of a compound body, we have
absolutely none, and it must never be forgotten that a rational
formula is merely a suggestion of some of the chemical processes
in which the substance formulated is capable of taking part. In
some cases the rational formula may point to the majority of all
known transformations of the substance; but generally it suggests
only a few of the possible changes. Since a rational formula
never represents a fact, but only an hypothesis or opinion, it is to
be expected that a great diversity of rational formule should be
in use among chemists ; and this is really the case.

The dualistic view, above illustrated, has long been, and still
is, the prevailing view of the proximate composition of inorganic
compounds; but in the chemistry of the very numerous com-
pounds which the element carbon forms with oxygen, hydrogen,
and nitrogen, a different view, called the doctrine of types, widely
obtains, and has been adopted by not a few chemists as affording
the best theoretical representation of all chemical combinations,
whether in the inorganic or organic kingdom. According to
this doctrine every possible chemical combination may be ima-
gined to be built upon the plan, or framed upon the type or model,
of some one of the four substances, chlorhydric acid, water, am-
monia, and marsb-gas. These will all shortly be to us well-known
substances ; but the most important of these types is water, a
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body with whose composition we are already familiar; we are
therefore competent to write upon the type of water the formulse
of several substances with which we have already dealt, and which
are classified under this type:-—

Water:%} O=one molecule; g:} 0,=two molecules.

Caustic Soda:IN]':a} O=one molecule.

Hydrated Oxide of Calcium, slaked lime,= S } 0,=1 molecule.

Monohydrated Nitric mid:l%‘! } O=one molecule.

KNitrate of Potassium N]? ’} O=one molecule.

Nitrate of Lead=2 (gg ) } 0,=one molecule,

Sulphurio add:sg’ } 0,=one molecule.
2

Sulphate of Calcium SC?:} 0,=one molecule.

In these formule it is to be observed that K, Na, and NO, re-
place one atom of hydrogen in one molecule of water, while Ca,
Pb, and 80, replace two atoms of hydrogen id two molecules of
water. Facts of this class will accumulate as we advance, and
will be the subject of future discussion. The typical notation is
doubtless capable of expressing, in a logical and consistent system,
the greater part of the reactions of inorganic as well as of organic
chemistry ; but at present it finds its best application in the che-
mistry of the compounds of carbon, and has gained but little foot-
hold in the great departments of mineral and industrial chemistry.

The need of rational formule is much more urgently felt in
that department of chemistry, called organic, which treats of the
chemistry of carbon, than in the wider field of mineral and inor-
ganic chemistry. Among the very numerous compounds of car-
bon there are many cases in which one empirical formula repre-
sents not one compoynd, but several ; hence it becomes of con-
sequence to determine, or to guess, how the atoms of a compound
are arranged, as well as to know what and how many the atoms
are. The diversity of opinion concerning this arrangement of
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atoms is so great, and the possible modes of grouping the nume-
rous atoms which often enter into organic compounds are so many,
that the number of rational formuls proposed for any organic
substance is commonly large in proportion to the thoroughness
with which the substance has been studied. For acetic acid, for
example, one of the best-known of the compounds of carbon with
oxygen and hydrogen, no less than nineteen different rational
formule have been proposud.

Remembering that a rational formula is never to be regarded
a8 the expression of an absolute’ truth, but only as a guide in
classification, an aid to the memory, and a help in instruction,
and holding fast to the empirical formula as containing all the
results of actual observation and experiment, we shall endeavor
to familiarize the student with both the dualistic and typical
guesses at the hidden mysteries of chemical processes and the
unknowable structure of chemical compounds, giving the prefe-
rence rather to the dualistic view, as being that which at the
present moment prevails in the great bulk of chemical literature,
and has become incorporated into the language of the chemical
arts.
Lest any doubt should suggest itself to the student’s mind as
to the value of symbolic formuls, let it be observed that they
express the elementary composition of a compound much more
tersely than words can, that they are written and read more
rapidly than the sentences of the same signification would be,
and that by their brevity, clearness, and precision they greatly
facilitate the comparative study and comprehensive classification
of chemical compounds. Again, the chemical equations, of whose
construction we have already had several examples, enable us to
set forth with precision the changes which accompany complicated,
as well as simple, reactions. Thus the somewhat complex de-
composition of nitric acid by copper takes definite form in the
appropriate equation which has been given above (p. 74), and the
very simple reaction by which nitric oxide yields red fumes of
hyponitric acid in contact with air or oxygen is concisely stated
by the simple equation NO4+ 0=NO,.

The chemistry of the analysis of nitric oxide by potassium
(§ 70) isv all condensed into the equation NO+K,=K, 0+ N,
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When a little ice-cold water is added to liquid hyponitric acid
(Exp. 43), the reaction which occurs is very concisely set forth
in the equation ;—
Empirical : 2NO, + HO = HNO, + HNO,
itri Hydrated oo .

HpRTe Water, e, Nitrioadd.
Dualistic: 4NO, + 2H0 = HO,NO, + HO,NO,
But besides having all the advantages of a short hand, chemical
symbols are susceptible of another application of hardly less im-
portance; they often direct the chemist beforehand to the most
perfect experiment among many similar, or point out in anticipa-
tion the possibility of certain methods of research, and the in-
evitable fruitlessness of others. Thus the equation

N,0, 4+ 6Cu = N, 4 5Cu0

actually directs the chemist to the due proportion of copper for
the exact decomposition of anhydrous nitric acid (§ 73); neither
four, nor six, nor any other number than five, parts of copper,
would give a perfect reaction without excess of either ingredient.
Practically, an excess of copper does no harm, and is always
used to make sure of the decomposition.

The student should endeavor, from the beginning, to familiarize
himself with the use of chemical symbols and equations, and to
this end he should invariably write the formula of every reaction
described or actually witnessed in the execution of an experiment.

CHAPTER VIIL
CHLORHYDRIC ACID.

95. Muriatic (sea-salt) acid, called in modern nomenclature
chlorhydric acid, is a liquid which has been known for centuries,
and is to-day an article of commerce, largely employed in the
useful arts. The pure acid is a gas, as ammonia is; the liquid
muriatic acid of commerce is only an aqueous solution of this
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gas, and gives it up when heated, precisely as ammonia-water
yields ammonia-gas.

This operation may be conveniently performed in the apparatus
shown in Fig. 30. About
260 c. c. of ge commercial Fig. 30.
acid is poured into the flask, ?
which is then moderately
heated ; the gas disengaged
is charged with aqueous va-
por, which needs to be re-
moved before the gas is col-
lected. For this purpose
the delivery-tube is carried
to the bottom of a bottle
filled with pieces of pumice-
stone saturated with strong
sulphuric acid ; the moisture
of the gas is greedily ab-
sorbed by the large surface
of acid with which the gas
comes in contact, as it is forced upwn.rd through the acid-soaked stone.
The dry, colorless, transparent gas must be collected over mercury, for
it is extremely soluble in water.

96. The gas is strongly acid in taste and reaction on vegetable
colors, provokes violent coughing, and is wholly irrespirable. It
is neither combustible nor will it support combustion. The gas
is somewhat heavier than air; its specific gravity referred to
hydrogen, as determined by experiment, is 18-12, its theoretical
density being 18:25; it is possible, though not convenient, to
collect it by downward displacement. It forms opaque, white
fumes in the air, owing to its union with, and condensation of,
atmospheric moisture. Under a pressure of 40 atmospheres, at a
temperature of 10°, chlorhydric acid gas is condensed into a color-
less liquid. Its great solubility in water would lead us to expect
that it could be readily reduced to the liquid state; but, on the
contrary, it can be condensed only with difficulty. At 0° one
volume of water dissolves about 500 volumes of chlorhydric
acid gas; at common temperatures, something more than 400.
The specific gravity of the solution is greater than that of water,
and the more concentrated the solution the higher the specifie
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gravity ; so that the strength of any sample of the commercial acid
may be ascertained by taking its specific gravity. Tables for this
use will be found in chemical dictionaries.

The avidity of water for chlorhydric acid gas may be neatly
shown by thrusting a bit of ice into a small cylinder of the dry
gas standing over mercury; the ice instantly melts, and the gas
a8 quickly disappears. A solution of the acid containing 20-2
per cent. of the gas, and having a specificgravity of 1-104, distils
unchanged at a temperature of about 111°; stronger solutions
than this, on being heated under the ordinary atmospheric pres-
sure, lose gas until reduced to this strength; weaker solutions
lose water until raised to this degree of concentration. This
stable solution, which distils unchanged, is supposed to be a defi-
nite compound of the dry gas and water, whose composition the
formula HC1 4 8H,0 would correctly represent.

97. We propose to answer the question—of what is chlor-
hydric acid composed—by a partial analysis and & complete
synthesis.

One of the elements of this gas can be isolated by & method which
we have already applied to the analysis of ammonia. It is only neces-
sary to remove the delivery-tube from the apparatus already used to
generate the dry gas (Fig. 80), and to fix in its place a bulb-tube of
bard glass, containing a
piece of potassium. As Fig. 8L
soon as the acid gas reaches
the potassium, the metal
becomes covered with a
white incrustation ; and if
the bulb be now verygently
heated (Fig. 31), the potas-
sium fuses, and taking fire,
burns with a violet light.
During the reaction the
chlorhydric acid is decom-
poted, an inflammable gas,
easily recognized as hydro-
gen, is evolved, and may
be lighted at the end of
the tube.

The metal sodium produces similar results, but at a much higher
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temperature. A solution of sodium in mercury, known amongst che-
mists as sodium-amalgam, will however bring about the decomposition
of the acid at the ordinary temperature. This solution is best pre-
pared by very gently heating some mercury in a glass flask, and gra-
dually adding the sodium, cut into fragments not bigger than a grain
of wheat; the fragments dissolve with evolution of light and heat.
‘Why the sodium-amalgam should act at a lower temperature than the
sodium itself, is not clear, unless it be that the minute subdivision of
the sodium in the mercury gives the gas a freer contact with the metal.

Instead of potassium or sodium, as above described, metallic iron
could be employed for analyzing chlorhydric acid. To this end iron
turnings should be heated to redness in a glass tube such as is shown
in Fig. 8; a wide delivery-tube should be used.

Hydrogen is, then, one ingredient of chlorhydric acid ; the other, or
others, have combined with the potassium or sodium-amalgam. The
isolation of these unknown ingredients may be Fig. 32.
accomplished by means of the V-tube already
used for the analysis of ammonia. Into this
tube liquid chlorhydric acid of specific gravity
11, colored with indigo solution, is introduced,
#0 as to fill the whole length of the sealed, and
about half the length of the open, limb; the
negative pole of the battery is connected with
the wire of the sealed limb, while the positive
pole is inserted into the open limb. Gas ra-
pidly collects at the negative pole in the closed
limb, but at the positive pole the disengage-
ment of gas is so slight that it would hardly
attract attention but for its intensely disagree-
able odor and powerful bleaching action upon the blue liquid. The
gas in the sealed limb has no such bleaching power. When enough
gus for examination has collected in the sealed limb, it is transferred
to the openlimb by the manipulation previously described (§ 86) ; the
gas is inflammable,.and is, in short, hydrogen.

The poles are now reversed, and immediately hydrogen escapes in
abundance from the open mouth of the tube, while the liquid in the
closed limb becomes decolorized. In the course of fifteen minutes the
bleached liquid in the sealed limb begins to assume a yellowish-green
color, and the evolution of gas becomes gradually more and more
copious, so that in three-quarters of an hour the greater portion of the
tube is filled with a transparent, yellowish-green gas. As the gasis
transferred to the open limb of the tube for examination, it manifests
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its powerful bleaching property by decolorizing, as it passes, the por-
tion of the acid which had retained the blue color of the indigo. The
tube is no sooner opened to admit a burning taper than the suffocating
odor of the gas becomes offensively perceptible; the gas proves to be
winflammable, and it supports combustion but imperfectly, as is evi-
denced by the sooty cloud which is produced.

This peculiar gas, so different in properties from any gas heretofore
studied, is an element; it has been named, on account of its color,
Chlorine, from the Greek word for yellowish:green. This element is
the subject of the next chapter, where it will be fully studied. As wil
there be seen (Exp. 51), chlorhydric acid, when heated with a sub-
stance called black oxide of manganese, yields chlorine in abundance,
with great facility ; in fact, this acid is the source of chlorine when-
ever large quantities of this gas are required. Chlorine is soluble in
about one-third of its volume of cold water,—a property which ex-
plains its apparently slow evolution at the outset of the foregoing
experiment, and the more rapid disengagement of the gas when the
liquid has become saturated therewith. Chlorine is heavier than air,
and consequently very much heavier than hydrogen; the best experi-
mental determination of its specific gravity has given the number 3566 :
but there can be no doubt that the true specific gravity of the gas is
865, or in other words that it is 35} times as heavy as hydrogen.

98. We have thus learned that the electric current sets free
from chlorhydric acid two essentially different gases—hydrogen
and chlorine,—and that each of these gases may be separately
evolved from muriatic acid—the hydrogen by potassium, and the
chlorine by oxide of manganese. It remains to prove that chlor-
hydric acid contains no other than these two con-
stituents, and to demonstrate the proportions in
which they are united. To this end the first step
shall be to make a partial quantitative analysis
of chlorhydric acid gas.

The instrument employed is a glass U-tube, about
30 cm. long by 16 in diameter, having one sealed
and one open limb; communicating with the latter is
8 small outlet-tube which may be closed by a spring-
clip on & piece of caoutchouc tubing The apparatus,
mounted on a convenient stand, is represented in
Fig. 83. The U-tube is first filled with mercury, and
then, the spring-clip being open, the delivery-tube of ’
the apparatus used to generate dry chlorhydric acid gas is pmed

Fig. 88.
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down the open limb to the bend of the tube in such a manner that the
gas bubbles up through the mercury into the sealed limb, from which,
the mercury escapes as the gas enters. 'When the closed limb is two-
thirds full, the outlet-tube is closed, the gas delivery-tube withdrawn,
and mercury is poured into the apparatus until it stands at the
same level in both limbs. The space occupied by gas in the tube is
then marked by a caoutchouc ring slipped over the tube. That por-
tion of the open limb which is not occupied by mercury is then filled
with sodium-amalgam. - By closing the orifice of the tube with the
thumb, and inclining the tube, the gas may be transferred from the
sealed limb to the other, there shaken up with the amalgam, and re-
transferred to the sealed limb. This thorough contact with the sodium
decomposes the gas. On removing the thumb from the mouth of the
open limb, the mercury therein falls a little, and must be further
lowered by opening the spring-clip until the mercury stands at one
level in the two limbs. When this is the case, it will be observed
that the gas is reduced to half its original volume. The gas which
remains, is, of course, hydrogen. The experiment proves that any
given bulk of chlorhydric acid contains half that bulk of hydrogen.

By availing ourselves of the known specific gravities, or like-
volume weights, of chlorhydric acid and chlorine, referred to
hydrogen, wo may establish a strong presumption in favor of
the supposition, that that half of any bulk of chlorhydric acid
which is not hydrogen is chlorine without admixture of any
other substance.

From the relative weight of any volume of chlorhydric acid gas 18'12
Subtract the relative weight of half that volume of hydrogen.. 50

And theremainder........cooeneevneenconas ceeenas 17-62

is very mearly equal to 17-83, the relative weight of half the
same volume of chlorine, according to the best experimental de-
terminations. If we assume, for the moment, that any volume of
chlorhydric gas is really composed of half that volume of hydro-
gen and half of chlorine, and if we use the theoretical specific
gravities, which are doubtless the true ones, instead of the above
approximate determinations, which are the best which experi-
ment has hitherto furnished, the numerical statement will be as
follows : —
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From the relative weight of any volume of chlorhydric acid gas 18-26
Subtract the relative weight of half that volume of hydrogen.. ‘50

And theremainder.........ccoiiiiveiniinnncncnsn. 1775
is the relative weight of half the same volume of chlorine
l7'75=£;'i. The very close coincidence between the first nume-
rica! statement, which is based wholly upon experiment, with the
second, which is based on the theory that chlorhydric acid is, by
volurne, half hydrogen, half chlorine, is evidence enough, when
taken in connexion with the preceding experimental isolation of
chlorine from chlorhydric acid, to convince us that in any two
volumes of chlorhydric acid gas, one volume of hydrogen and one
volume of chlorine are united without condensation.

The formula of the molecule of the acid will therefore be HCI,
in which Cl is the symbol of chlorine. The following diagram
represents the composition of this important compound, both by
volume and weight :—

H [ a1
1 "“'35-5

99. The atomic weight of the new element, chlorine, is hereby
determined. Hydrogen and chlorine unite by equal volumes to
form this single stable compound, chlorhydric acid ; and the pro-
portions in which the two elements unite by weight are directly
deducible from the proportions in which they unite by volume
and the known specific gravities of the two gases. Indeed it also
admits of direct proof, by appropriate experiment, that 365
parts by weight of chlorhydric acid gas invariably yicld 35-5 parts
by weight of chlorine and 1 part by weight of hydrogen; and,
since it matters not what the absolute weight of these parts may
be, millionths or millions of grammes, the molecule of chlorhydric
acid, the least proportional weight in which it is conceived to
exist uncombined, must be composed, like any other quantity of
the acid, of 35-5 parts by weight of chlorine to 1 of hydrogen.
But we conceive of this molecule as consisting of one atom of
chlorine and one atom of hydrogen ; the chlorine atom, therefore,
weighs 35-5 times as much as the hydrogen atom.

100. If it were entirely inconceivable that another substance,

H

HC1 866 |
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not identical with chlorine, should have precisely the same specifie
gravity as chlorine, the reasoning by which we have just arrived
at the composition of chlorhydric acid would be not only con-
vincing, it would be entirely conclusive; it would do more than
establish a very strong presumption, it would furnish a complete
demonstration. But it is not inconceivable, though in the highest
degree improbable, that there should exist a body, different from
chlorine, yet possessing the same specific gravity, and not to be
detected by the qualitative tests to which we subjected the acid;
and we therefore welcome the perfect demonstration with which
the synthesis of chlorhydric acid supplies us.

This synthesis is readily effected ; but as the experiment involves the
preparation of chlorine, the actual performance of the experiment will
be best postponed until chlorine has been prepared and studied in the
next chapter. The method is as follows:—Into one of two glass
cylinders, standing full of mercury upon the mercury trough, introduce
a certain volume of dry hydrogen, not so large as to fill more than
half the cylinder, and into the other cylinder bring precisely the same
volume of dry chlorine. Cover one of the cylinders from the light
with a towel, and deliver the contents of the other cylinder into the
protected one. The mixture of equal volumes of the two gases having
been thus effected, withdraw the towel, and leave the cylinder for
several hours in diffused and not too bright daylight, but sheltered
from the direct rays of the sun, which would cause an explosive union
of the two elements. Under the influence of the light the two gases
gradually combine ; when the yellowish tint of the mixture has nearly
disappeared, the cylinder may be exposed to the direct influence of
the solar rays,in order to complete the reaction. Throughout the ex-
periment there is no change in the volume of the enclosed gas ; if the
temperature were constant the mercury would neither rise nor fall in
the cylinder. The chemical union of one volume of hydrogen with
one volume of chlorine is attended neither by condensation nor ex-
pansion.

That there has been chemical action, resulting in the disappearance
of the properties of the original materials, is evident from the fact that
the contents of the cylinder will no longer take fire, or bleach vege-
table colors. In contact with air the new gas forms white clouds;
blue litmus paper it turns red ; and if a little water be passed up into
the cylinder, the gas is rapidly absorbed ; the taste and smell also,
and, in short, all the properties of this gas are those of chlorhy-
dric acid.
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By the synthetical method we therefore prove that chlorine
and hydrogen are the only constituents of chlorhydric acid. On
this fact is based the chemical name of this compound. Summing
up our previous and present results, we now possess & complete
demonstration that chlorhydric acid is composed solely of hydrogen
and chlorine, united in equal volumes without condensation.

101. The muriatic acid of commerce is made from the most
sbundant and cheapest of all the natural compounds of chlorine,
common salt, whose chemical name is chloride of sodium, and
formula NaCl. This substance supplies the chlorine; the neces-
sary hydrogen is obtained from common sulphuric acid (oil of
vitriol), whose composition, as expressed in its formula H.80,,
we have already become familiar with. R

The commercial acid is obtained by heating common sglt with
sulphuric acid in iron pans or cylinders, and absorbing the evolved
ges in water contained in a series of stone-ware Woulfe-bottles,
or some similar apparatus. The reaction is somewhat various,
according to the proportion of sulphuric acid employed; it may
be either of the reactions expressed in the following equations,
or may lie between them :—

NaCl + HS0, = HClI <+  NaHSO,
Chloride of Sulphuric Ohlorhydric  Acid sulphats

sodium. of sodium.
2NaCl + H;80, = 2HC1 + NaS80,
Sulphate of sodium,

In the first reaction, only one-half of the hydrogen in each
molecule of sulphuric acid is replaced by sodium; in the second,
both atoms of hydrogen are replaced. The first reaction requires
more sulphuric acid than the second, in proportion to the amount
of the product, but is accomplished with less wear of the appa-
ratns, because a less heat suffices for the first than for the second -
reaction.

We may illustrate the practical importance of the atomie
weights, by taking an actual example of each of these reactions.
Starting with 100 kilos. of salt in each case, what quantities of
sulphuric acid should be employed, and what will be the weights
of the products in each reaction ? (See § 81.)

2
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The molecular weight of NaCl  is 234355 = 585
”» ” » HS0, is 2+32+4x16 = 98
” " » NaHSO, is 234+ 14324+4x16=120
” o ” Na, S0, is 46+32+4x16 =142
”» ” » HCl is 14356 = 365

The weight of sulphuric acid needed in the two cases is ascer-
tained by solving the following proportions :—

First } 686 : 98 = 100k : w(=167-52k)
Teaction ] Mol. wt.of Mol. wt.of Quantity of  Quantity of
NaCL = H,S0,  NaCl wsed. H,80, requircd.

Beoond } 117 : 98 = 100k : &(=8376k)
Teacion ) Mot. wt. of Mol.wt.of Quantity of  Quantity of

2NaCl. HSO,.- NaClused. B,S0, required.
The weight of chlorhydric acid gas produced in the two cases will
be precisely the same ; it is deduced from the proportions : —

First } 585 : 865 = 100k : z(=6239k.)
Teacuon J Mol. wt. of Mol. wt.of Quantity of Quantity of
NaCl. - HCL = NaClused. HCI produced.

Becond } 117 : 78 = 100k : «(=6239k)
Teackon J Mol wt.of Mol. wt.of Quantity of  Quantity of
9NaCl.  2HCL  NoClused. HCl produced.

The weights of the residual sodium-salts in the two cases are de-
duced from the proportions :—

First } 585 : 120 = 100k :x(=205128k)
reaction J afol. wt. of Mol. wt.of * Quuntity of Quantity of
NaCl. . NaHSO,. NaCl used. NaHSO, produced.

Second } 117 : 142 = 100k :=z(=121367k.)
TOACUON J Mol. wt. of Mol.wt.of Quantity of Quantity of
2NaCl. NaS8O,.  NaCl used. Na,80, produced.

h case the sum of the weights of the materials employed is,
rse, equal to the sum of the weights of the products. If
iestions suggest themselves—how much water will these
k. of chlorhydric acid gas saturate, and what will be the
£ the concentrated solution so obtained ?—the answers can
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be easily deduced from the following data :—The strongest chlor-

hydric acid has a specific gravity of about 1-20, and contains

sbout 40 per cent. by weight of the gas. 40k. of chlorhydrie

acid gas will then saturate 60 k. of water, and it follows that

62:39 k. of the gas will saturate 93-58 k. of water. The weight-
of the solution of chlorhydric acid produced will therefore be

62:39493:568=1565-97 k. ; and since 1 litre of the solution weighs

120 k., the total bulk of concentrated aqueous acid produced will
be very ncarly 130 litres.

102. If the question suggest itself—why not get the hydrogen
wanted from water, H,0, a much simpler and cheaper substance
than sulphuric acid ?—the only answer is, that experience has
taught that water has no action upon salt except to dissolve
it, while sulphuric acid has power to part the two elements of
salt, and, giving hydrogen to the chlorine of the salt, to accept the
detached scdium of the salt in the place of its own lost hydrogen.
Of the nature of the play of forces by which this new adjust-
ment in definite proportions of the atoms of five elements is
brought about, we have no distinct conception. All that we
know has been said when it is stated that water works no che-
mical change on salt, while sulphuric acid (and a few other sub-
stances of analogous composition) does bring about a very essen=
tial change. .

In the hope of rendering these and similar facts more intelli-
gible, many chemists have assumed that an element like chlorine,
or a group of elements like sulphuric acid, may possess a supe-
rior chemical attraction, or a greater affinity, for some elements
or groups than for others. They would explain the reaction
between salt and sulphuric acid by saying that chlorine has a
greater affinity for hydrogen than for sodium, while a part of the
sulphuric acid has a stronger attraction for sodium than for
hydrogen; and, in like manner, they would account for the ab-
gence of action betwagg, water and salt by saying that the affinity
of oxygen for sodium is no stronger than that of chloripe for
sodium. If the second of the equations above given be written
after the dualistic theory, as follows,

2NaCl 4+ H,0,80, = 2HCl + Na,0,80,,
we shall perceive the basis of a still more ample explanation,
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often given, of such reactions. The reaction above written is
said to be determined, or caused, by three affinities :—1. The
affinity of the metal.for oxygen; 2. The affinity of the hydrogen
for chlorine ; 3. The affinity of the oxide of sodium for sulphuric
acid. It will be at once perceived that the contact of water with
palt gives opportunity for the play of the first two affinities ; it is,
therefore, the third affinity, superadded to the other two, which
in this view actually determines the decomposxtlon of salt by sul-
phuric acid.

Such speculations as these have not been altogether fruitless
in the development of chemistry, and to some minds they seem
to render the actual phenomenon more intelligible; the term
affinity is also sometimes convenient in expressing the varying
intensity with which one element grapples and holds other ele-
ments, or groups of elements; the student must not fail to dis-
tinguish, however, between the matters of fact and the matters
of specylation, in whatever stands written in chemical literature
touching affinities and their play. The best use of the ill-chosen
term affinity is a8 & synonyme for chemical force. Phrases in
which the term is used in this sense may contain simple state-
ments of fact; but very frequently, especially when the word
¢ elective” is coupled with it, the term is used in connexion
with unprofitable hypotheses. What we actually know of the re-
action between salt and sulphuric acid is comprehended in the
statement that the hydrogen of the acid and the sodium of the
salt change places in the definite proportions by weight which are
expressed in the atomic weights of the two elements.

Commercial chlorhydric acid is not pure; its commonest im-
purities are sulphuric acid which gets mechanically mixed with
the acid, iron derived from the iron vessels, arsenic supplied by
the impure sulphuric acid employed, the salts contained in the
water which dissolved the gas, sulphurous acid, and, not unfre-
quently, free chlorine. . )

Ezxp. 49.—Melt a handful of coarse common salt in a Hessian cru-
cible in a coal fire, @nd pour out the liquid salt upon a brick or stone
floor. Weigh out 30 grms. of the fused salt when it has become cold,
and place it in a flask of a litre capacity, provided with & delivery-
-tube which can be conveniently connected by a caoutchouc connector
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with & series of small Woulfe-bottles, such as is represented in Fig. 34,
Pour 60 grammes of strong sulphuric acid upon the salt, and imme-

Fig. 84

LLig

diately cork the flask, place it upon a sand-bath on the iron-stand,
and conuect the delivery-tube with the Woulfe-bottles. The tubes
by which the gas enters the bottles should barely dip beneath the
water contained in them, inasmuch as the solution of chlorhydric acid
is heavier than water; the bottles should not be more than half full,
for the water becomes hot and increases considerably in bulk. As hot
water holds less gas in solution than cold water, it is not amiss to
place each three-necked bottle in & vessel of cold water. The first
Woulfe-bottle should contain but a small q‘nfity of water, and the
tabe coming from the flask should not dip<#to this water. The con-
tents of the flask must be very gradually and moderately heated, else
aviolent frothing s liable to occur, which would spoil the experiment.
The process is like that of making ammonia-water, except that the
delivery-tube passes to the bottom of each Woulfe-bottle in making
ammonia-water, because the solution of ammonia-gas is lighter than
water, instead of heavier as is the case with the solution of chlorhy-
dric acid gas. As with the ammonia process, the solution will be
purer in the second bottle than in the first, in the third than in the
second, and so forth. Reserve the contents of the first bottle to make
chlorine from (Exp. 61). The pure acid should be preserved for use
in experiments which cannot be performed except with an acid purer
than the commercial artivle.

103. The uses of chlorhydric acid are very numerous. It is
employed in making chlorine, chlorate of potassium, and chlgride
of lime (bleaching-powder), in preparing chloride of ammonium
and chloride of tin, in the manufacture of gelatine, for dissolving
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metals (either by itself or mixed with nitric acid); it is one of the
most useful reagents in the chemical laboratory.

Chlorhydric acid dissolves most metallic oxides, and appears to
combine with them ; but on evaporating such a solution a com-
pound is obtained which contains neither hydrogen nor oxygen,
but only chlorine and the metal. When caustic soda, for example,
combines with chlorhydne acid, ehloride of sodium and water are
the products, as exhibited by the equation

NaHO + HCl = NaCl + H,0.

‘When the black oxide of copper is dissolved in chlorhydric acid,
the green liquid produced is an aqueous solution of chloride of
copper ; )
Cu0 + 2HCl = CuCl, + H,O.

But though the metal may exist in solution in the form of chlo-
ride, it is quite possible to precipitate it as oxide, if it have an
insoluble oxide, by adding to the solution of the chloride a soluble
oxide of another metal capable of displacing the first. Thus, if
to a boiling solution of chloride of copper a hot solution of caustic
soda be added, the sodium and the copper change places, and the
insoluble black oxide of copper is precipitated.

CuCl, + 2N@HO = 2NaCl + H,0 + CuO.
Chlorhydric acid is, in fact, the chloride of hydrogen, strictly
analogous in composition to the chloride of a metal like sodium,
and it takes part in double decompositions like any other chloride.

104. Aqua Regia (Royal Water).—This name was given by
the alchemists to a mixture of chlorhydric and nitric acids, be-
cause of its power to dissolve gold, the ¢ king of metals.”

Exzp. 50.—Place two square centimetres of genuine gold-leaf at the
bottom of a test-tube, and pour upon the gold six or eight drops of
strong chlorhydric acid; put a similar piece of gold-leaf in a second
test-tube, and pour upon it two or three drops of nitric acid ; neither
acid attacks the gold, which remains undissolved. If the contents of
the two test-tubes be mixed together in either tube, the gold-leaf will
almost immediately dissolve.

Platinum, which like gold resists the action of-both chlorhydrie
and nitric acids singly applied, yields at once to the mixture of
the two acids. Both these precious metals aro converted by aqua
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regia into chlorides soluble in water. Strong chlorhydric acid is
oxidized by strong nitric acid ; chlorine, water, oxides of nitrogen,
and unstable comnpounds containing chlorine, oxygen, and nitro-
gen, are the products. The decomposition is complex, but may be
roughly represented by the equation
HCl + HNO, = C1 + H,0 + NO,.

The presence of nascent (§ 88) chlorine explains the energetic
conversion of metals into chlorides by aqua regia; and the strong
oxidizing effect of the liquid is further explained by the presence
of the unstable oxygen compounds which result from the reaction.
Aqua regia has indeed a very strong oxidizing power; it can
change sulphur into sulphuric acid, arsenioc into arsenic acid, and
effect many other similar oxidations.

This powerful solvent is made by simply mixing the two acids,
though in various proportions, according to the use to be made of
it; the commonest mixture is composed of one part of nitric acid
and three parts of chlorhydric acid.

CHAPTER VIIIL
CHLORINE,

105. Chlorine can readily be prepared from chlorhydric acid
by removing the hydrogen of that acid by chemical means.

Ezp. 51.—In a flask of about 500 c. c. capacity furnished with a
euitable delivery-tube, place 8 or 10 grms. of coarsely powdered black
oxide-of manganese ; pour upon it 20 or 30 grms. of common muristic
acid, and gently heat the mixture. Chlorine will soon be disengaged,
eud may be recognized by its peculiar color. Being very heavy the
gas may best be collected by displacement in dry bottles, placed in the
open air, or in & case or box provided with an efficient draft. It may
also be collected over warm water or brine in the water-pan. It can-
Lot be well collected over water at the ordinary temperature, since it
is rather easily soluble therein—though the difficulty may be obviated
In part by evolving the gas rapidly, or by passing the delivery-tube
to the top of the bottle in which the gas is collected. It must not be
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left standing over water, since it would soon be entirely absorbed.
In experimenting with chlorine, care must always be taken not to
inhale it.

The reaction which occurs in this experiment may be thus
formulated : —

MnO, 4 4HCl = 2H,0 + MnCl, + 2CL
Black oxide of manganese is a substance rich in oxygen, which,
under certain conditions, it readily yields up to other elements.
In the case before us, the oxygen of the oxide of manganese unites
with the hydrogen of the chlorhydric acid to form water. The
chlorine of the chlorhydric acid unites in part with the manga-
nese, and is in part left free.

In place of the black oxide of manganese in this experiment,
several other substances which readily give up oxygen may be
employed ; and instead of the free chlorhydric acid of the fore-
going experiment, the mixture of common salt and sulphuric
acid, which generates chlorhydric acid (Exp. 49), is often used.
The latter method has the advantage of eliminating the whole of
the chlorine from the chlorine compound used, whereas, in the
decomposition of the oxide of manganese by chlorhydric acid alone,
half the chlorine remains combined with the manganese. More-
over, when present in excess, the sulphuric acid has the effect of
drying the chlorine. The reaction may be expressed as follows :—
2Na(l + 2H 80, + MnO, = Na SO, + MnSO, + 2H.0 + 2CL
Another method, which has been carried out in practice upon the
large scale, is to heat a mixture of common salt and nitrate of so-
dium with an excess of sulphuric acid. Chlorhydric and nitric
acids are evolved, and, reacting upon one another, generate chlo-
rine, hyponitric acid, and water :—

HCl + HNO, = C1 4+ NO, 4+ H,0.
The hyponitric acid is absorbed by sulphuric acid, and subse-
quently employed in the manufacture of sulphuric acid, while the
chlorine is collected apart and employed in such manner as may
be desired.

106. Chlorine is an abundant element, and very widely distri-
buted in nature. It exists chiefly in combination with sodium as
a chloride of sodium, which is called rock-salt or sea-salt, accord-
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ingly as it is found in beds in the earth, or dissolved in the water of
the ocean. Since the atomic weigkt of chlorine is 355 (§ 99),
and that of the metal sodium is 23, each molecule, each gramme, or
each kilogramme of chloride of sodium contains :}:, or 60-684 per
cent, of chlorine. Accordingly in a gramme of chloride of sodium
there exists something more than 0-6 grm. of chlorine; and a
kilogramme of common salt should yield 606-84 grms of chlorine.
Every litre of sea-water will yield about five litres of chlorine gas.
Besides chloride of sodium, sea-water contains small quantities of
the chlorides of several other metals; there are numerous mine-
rals, also, which contain chlorine.

107. At the ordinary temperature chlorine is a gas of yellowish-
green color, 2-5 times as heavy as atmospheric air. Its specifio
gravity and atomic weight are 35°5. It is excessively irritating
and suffocating, even when inhaled in exceedingly small quan-
tities. Any attempt to breathe the undiluted gas would un-
doubtedly be fatal. Under a pressure of 4 atmospheres at 15°i¢
is condensed to a yellow mobile liquid, having a sp. gr. of 1-33;
this liquid has never yet been solidified. It is soluble to a con-
siderable extent in water at the ordinary temperature, 1 volume
of it being dissolved by half a volume of water, at 15°. This so-
lution, which exhibits the color, odor, and general chemical pro-
perties of the gas, is called chlorine-water. At low temperatures,
water dissolves a still greater proportion of chlorine; and at 0° a
definite hydrate of chlorine, C1,6H,0, crystallizes out,

Ezp. 52.—Fill with water the body of a retort of the capacity of
500 ¢. c., and without tubulature. In-
vert the retort and set it upon a ring, or
upon 8 bed of sand, with the neck
pointed upwards in such manner that
1o air shall enter the body. From a
flask in which chlorine is being gene-
nted pass a long delivery-tube down
the neck of the retort to the water, so
that the chlorine may slowly bubble
through the water. The absorption of
the gas may be promoted by gently shaking the retort from time to
time. Assoon as the water becomes saturated with chlorine, so much
gas will collect in the retort that the liquid will be pressed out of the

Fiz. 85.
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body and will flow over from the neck ; when this occurs the opera-
tion may be stopped.

At the beginning of the experiment, before all the atmospheric air
has been expelled from the flask in which the chlorine is generated, it
is well not to push the gas delivery-tube completely to the bottom of
the neck of the retort, but to simply immerse it in the edge of the
water, so that none of the escaping bubbles of gasshall enter the body
of the retort until it has become evident that nothing but pure chlorine
ia coming over; the tube may then be immersed more deeply.

The water saturated with chlorine should be transferred to a bottle
and preserved for future use. It may be employed, more conveniently
than the gas, to illustrate many of the properties of the element.

In sunlight, or even in ordinary daylight, chlorine-water suffers de-
composition (see § 113), but in the dark it undergoes no change. It
should be kept, therefore, either in & cellar or tight closet, or in a
stoneware bottle, or in a bottle of black, red, or yellow glass, or in one
covered with black paper. Through the blackened glass no light can
penetrate to the chlorine-water, and through red or yellow glass few,
if any, of the so-called chemical or actinic rays can pass. The violet
rays of the epectrum are those which exhibit actinic power, and these
are stopped by red or yellow glass, which is red or yellow because it
permits the passage of only these colored rays.

108. Chlorine is a powerful chemical agent. It combines with
hydrogen with explosive violence upon being heated, or even on
being exposed to sunlight.

Erp. 63.—In a sods-water bottle, which must be screened from
strong light by wrapping it in a towel, unless direct and reflected sun-
light be excluded from the room, mix equal volumes of chlorine and
hydrogen, then remove the cork and hold the mouth of the bottle in
the flame of a lamp. A sharp explosion will ensue. Or the mixture
may be made in a phial of white glass rolled up in a thick towel and
filled in a darkened chamber. The explosion can then be brought
about by carefully rolling the phial out of its envelope into & ray of
sunlight, ina place where the fragments of glass can do no harm. In
this last modification of the experiment the phial is, of course, left
corked. The operator should stand behind & window-shutter or other
suitable screen.

8till another method is to place the bottle in a shady place, and by
means of a looking-glass reflect upon it a ray of sunlight. The moment
the beam touches it, the bottle will explode.

A mixture of the two gases may be kept in the dark for any
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length of time without change; in diffused daylight they usually
unite only slowly and gradually; but in direct sunlight the union
is so instantaneous as to be attended with explosion.

109. Chlorine combines also very readily with many of the
metals, the combination being in several instances attended with
evolution of light. .

Erp. 54—Fill a bottle of at least half a litre capacity with dry
chlorine gas, by displacement; the gas should be dried by passing it
through a tube filled with chloride of calcium, as described in the Ap-
pendix, § 15. Gradually sift a gramme or two of very finely powdered
metsllic antimony into the bottle. The metal will instantly take fire
and fall in & glowing state to the bottom of the bottle. This fire
attends the formation of a compound of chlorine and antimony, & por-
tion of which will be seen pervading the bottle as a white smoke.

This experiment, and indeed all experiments with chlorine, should
be performed only in places where there is a current of air sufficiently
powerful to carry away from the operator the volatile products of the
reaction, together with any chlorine which may escape from the bottle.

As in the case of the union of sulphur with copper (Exp. 1),
80 here it will be seen that burning, as commonly understood, is
in no wise peculiar to the union of oxygen with the other ele-
ments. In the act of chemical combination heat is always evolved,
and, of course, light as well, if particles of solid matter be present
and become hot enough to be luminous.

Since oxygen is very abundant, we are more accustomed to
witness exhibitions of its chemical action than those of any other
element; but we must not therefore lose sight of the fact that
among the elements there are several which possess chemical
power as great when brought into play, though not as frequently
exhibited as that of oxygen.

Ezp. 55.—Into a small dry bottle throw loosely several leaves of the
so-called Dutch-metal (an imitation gold-leaf made from an alloy of
the metals copper and zinc), and invert over it a bottle of dry chlorine.
As the heavy gas falls into the lower bottle, the chlorine attacks the
metal, which becomes red-hot for a moment, shrivels up, and is con-
verted into & mixture of chloride of copper and chloride of zine. Both
these compounds are readily soluble, the chloride of copper impart-
ing to the water a peculiar green tinge. The term chloride is used to
denote the combination of chlorine with another element, just as the
term oxide denotes a compound of oxygen.
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110. A burning jet of hydrogen, on being introduced into a
jar of chlorine, will continue to burn with a peculiar green light,
the two gases uniting to form chlorhydric acid.

. 56.—From a gas-holder containing hydrogen, carry a glass
tube, No. 6, outwards horizontally a fow centimetres, then downwards
to reach the bottom of a wide-mouthed litre bottle filled with dry
chlorine; bend the end of the tube, previously drawn to a point,
sharply upward, so that the jet of hydrogen may stream upwards
through the chlorine. Light the hydrogen jet, and insert it into the
bottle of chlorine.

By reversing the experiment, chlorine may just as well be
burned in an atmosphere of hydrogen.

Ezp. 57.—In a small flask of 75 or 100 c. c. capacity, provided with
a small chloride-of-calcium tube prolonged into an upright delivery-
tube which is drawn out to a fine point at the top, generate a free
supply of chlorine. Inflame & jar of hydrogen, held mouth down-
wards, and press it slowly down upon the chlorine flask so that the
orifice from which the chlorine is issuing may be at the centre of the
hydrogen bottle, in the midst of the gas. In passing through the
burning hydrogen at the bottom of the jar, the chlorine will be heated
to the temperature necessary for its own inflammation, and it will con-
tinue to burn in the hydrogen in the same way that oxygen burns in
hydrogen under similar circumstances.

111. The heat evolved during the combustion of hydrogen in
chlorine is less intense than that produced by its union with
oxygen. When one gramme of hydrogen is burned to chlor-
hydric acid, there are disengaged 23783 units of heat, while
84462 units of heat are evolved when it burns to water.

112. As has been seen, chlorine is both combustible and a
supporter of combustion so far as hydrogen is concerned, and it
exhibits a strong affinity for many of the metals; but it does
not unite directly with either oxygen or carbon.

Ezp. 68.—If a burning taper, or a bit of flaming wood or paper, be
thrust into a bottle of chlorine gas, the flame will become murky, and
after struggling for.s moment will go out. Much smoke is at the same
time given off.

Ezp. 50.—A bit of paper, attached to & wire, dipped in hot oil of
turpentine and then quickly plunged into a bottle of chlorine, will
asually take fire spontaneously, and burn with evolution of dense black
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fumes. On account of the volatility and ready inflammability of oil of
tarpentine, it should be carefully heated upon a water-bath (Appendix,
§17)in a porcelain dish. If by any chance the turpentine take fire in
the dish, it can be instantly extinguished by covering the dish.

Ezp. 60.—Place an inverted tall bottle full of water upon the shelf
of the water-pan and fill it two-thirds full of chlorine; then displace
the rest of the water with ordinary illuminating gas. Cover the
mouth of the bottle with a glass plate, and, removing it from the
water-pan, place it in an upright position upon the table. Remove
the cover, and touch a lighted match to the gas; fire will be propa-
gated from above downwards, while clouds of smoke are evolved.
Hold a piece of moistened blue litmus paper in the smoke; it will be
reddened by the chlorhydric acid which has been formed.

The wax, wood, paper, turpentine, and gas of the foregoing
experiments, and indeed most of the substances ordinarily used
as combustibles, contain hydrogen and carbon. The hydrogen of
these things will burn in chlorine, will unite chemically with the
chlorine to form chlorhydric acid; but the carbon will not thus
unite with chlorine. Hence it is that, in the experiments in
question, the combustion is at the expense of the hydrogen; the
hydrogen of the candle, turpentine, and so forth alone unites with
chlorine, while the carbon is set free as lampblack or smoke.

113. Chlorine can even decompose water under certain condi-
tions, taking away its hydrogen, while the oxygen is left free.
This occurs, for example, when a mixture of chlorine and aqueous
vapor is passed through a red-hot glass or porcelain tube filled
with fragments of the same material. 8o, too, when an aqueous
solution of chlorine is exposed to light, the water is gradually
decomposed, as has been stated in § 107, oxygen being set free,
and chlorhydric acid formed.

201 + H,0 = 2HCI + O. Fig. 36.

Exp. 61.—Fill a narrow-mouthed bottle, of
the capacity of at least half a litre, with water
which has been saturated with “chlorine at a
comparatively low temperature—such as is
readily obtained by immersing the receiver in
ice-water during the absorption of the gas.

By means of a perforated cork, or better, a
csoutchouc stopper, fit tightly to the bottle a
glass tube, No. 6, bent twice at right angles,
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one branch of which shall be long enough to reach to the bottom of
the bottle, while the other arm, made much shorter than the first,
dips into an open beaker glass half full of water.

Place the apparatus in such a position that it shall be exposed to as
much direct sunlight as possible. After a time oxygen gas will begin
to collect at the top of the bottle, and in the course of several hours,
or days, so much will have collected that it can be tested by removing
the cork from the bottle and thrusting in a glowing splinter. The
liquid displaced by the oxygen flows over, through the tube, into the
beaker glass. The chlorhydric acid of course remains dissolved in the
water of the bottle.

114. The applications of chlorine in the arts depend upon that
readiness to combine with hydrogen which has just been exem-
plified. By virtue of this affinity for hydrogen, chlorine acts
indirectly as a powerful oxidizing agent. It acts as a purveyor
of nascent oxygen, and is hence a much more efficient agent than
free oxygen, such as exists in the air. Its chicf uses are for
bleaching cotton goods, paper stock, and so forth, and for destroy-
ing foul and unhealthy emanations.

Ezp. 62.—Pour into a test-glass & quantity of chlorine-water
(Exp. 52), drop into it a small quantity of & solution of indigo, and
stir the mixture with a glass rod. The blue color of the indigo will
be immediately destroyed.

In the same way the color of litmus, cochineal, aniline-purple,
or of flowers, calico, and the like, can be readily destroyed by
immersion in chlorine-water or in moist chlorine gas. The pre-
sence of water is essential ; perfectly dry chlorine will not bleach.

Ezp. 63.—Fill a glass tube, No. 1, about 20 c.m. long, with scraps
of coloured calico and bits of paper which have been written upon with
ink. Take care that the tube and its contents are perfectly dry, and
that the tube is closed at either end with a cork, through which passes
a short piece of tubing, No. 8. Place the tube in a vertical position,
and pass into it, from below, chlorine gas which has been thoroughly
dried by means of chloride of calcium (Appendix, § 15). The color-
ing-matters will not be destroyed so long as they remain dry ; but if,
after the dry chlorine has been allowed to act for & few minutes, & little
water be poured in at the top of the tube, 80 that its contents may be
wetted, they will be bleached at once.

115. Those coloring-matters which are of vegetable or animal
origin are for the most part complex compounds of carbon, hy-
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drogen, nitrogen, and oxygen. When moist chlorine is brought
into contact with them, a somewhat complicated reaction occurs ;
8 portion of their hydrogen is no doubt taken out by the chlorjne,
but at the same time some of the water which is present is decom-
posed, and its oxygen assists the disorganization of the compound
which is to be destroyed.

Of the hydrogenized or carburetted compounds exposed to the
action of the nascent oxygen in the foregoing experiment, those
which are most complex, and. of which the elements are held
together least firmly, will of course be acted upon, burned up,
and destroyed. As a rule, the coloring-matters are far more
easily oxidized than the cotton cloth; hence they can readily be
removed by the action of chlorine, without injury to the cloth.
But if the action of the chlorine were to be continued after the
coloring-matter had been destroyed, the cloth itself would gra-
dually be burned up.

In actual practice, where the duration of the exposure of the
cloth to the chlorine is carefully regulated, and the portions of
bleaching liquor which at first remain adhering to the cloth are
completely removed by washing and by chemical treatment, the
process is perfectly safe and trustworthy as regards cotton or
even linen ; but the animal fibres, such as wool and silk, are of
more complex composition than cotton and linen; they cannot
be bleached by chlorine, since this gas would attack and dis-
organize them.

116. In destroying noxious effluvia, chlorine either acts upon
them as upon coloring-matters, or it simply takes away hydrogen,
asin the case of sulphuretted hydrogen hereafter to be studied.
Patrid animal matter may be rendered comparatively odorless, by
sprinkling it copiously with chlorine-water; hence a solution of
chlorine finds some application in inquests and judicial investi-
gations.

The energy with which chlorine seizes upon hydrogen may be
farther illustrated by causing chlorine to act upon ammonia-water.

Ezp. 64.—Into a glass tube, No. 1, about & metre long, pour enough
chlorine-water to fill it nine-tenths full, and then ammonia-water
enough to fill the remaining space. Close the tube with the thumb,
invert it and place it in an upright position upon the water-pan. The

1
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ammonia-water, being specifically lighter than the solution of chlo-
rine, will flow upwards and become mixed with the latter; a reaction
will immediately ensue; some of the chlorine will unite with the hy-
drofen of a portion of the ammonia, to form chlorhydric acid, and
nitrogen will be set free. Numberless little bubbles of this gas will
eacape from the liquor and collect at the top of the tube, and may be
subsequently tested with & burning match. The chlorhydric acid
formed unites with the remainder of the ammonia to form chloride
of ammonium :—
4NH, + 8Cl =N + SNH,CL

By modifying the apparatus employed in the foregoing experiment,
8o that a current of chlorine can be passed into & vessel containing
ammonia-water, the evolution of nitrogen can readily be made con-
tinuous, and large quantities of the gas may be collected. It would
be an excellent and easy method of preparing nitrogen for use in the
laboratory, were it not that care must be taken that the ammonia
shall always be present in considerable excess. If this precaution
were neglected, there might be formed, by the action of the chlorine
upon the chloride of ammonium, a very dangerous compound called
chloride of nitrogen. As prepared by this method, the nitrogen is
always contaminated with a certain amount of oxygen.

In the foregoing experiment, the chloride of ammonium which
is produced remains dissolved in the water. It may be recovered
by evaporatmg the water, or a new portion of it may be prepared
by mixing chlorhydric acid with ammonia.

Exp. 65.—Fill one half-litre bottle with dry ammonia-gas, and
another with dry chlorhydric acid gas. Invert the latter, and place it
over the former, so that the mouth of the upper bottle shall rest upon
that of the lower. The gases will immediat::y unite to form solid chlo-
ride of ammonium, & dense white cloud of which will fill the bottles :—

NH, + HCl = NH,CL
One volume of ammonia unites with one volume of chlorhydric acid,
and the gases are completely condensed to a white solid.

117. Chloride of nitrogen, the dangerous compound of chlorine
and nitrogen which has been alluded to above, is formed when
chlorine is brought into contact with a weak solution of chloride
or nitrate of ammonium at the temperature of 15° or 20°. Asthe
chlorine is gradually absorbed, yellow oily drops of chloride of
nitrogen form upon the surface of the liquid, and soon fall to the
bottom :—

NH(Cl 4+ 6C1 = 4HCl + NCl,.
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Chloride of nitrogen is a volatile yellow oil, of peculiar, pene-
trating odor; it is insoluble in water, and does not congeal when
exposed to cold. Its specific gravity is 1:653. It decomposes
very easily. Upon being heated to nearly 100°, or touched with
any fat or oil, with turpentine, or with various other substances,
it explodes with extreme violence; indeed it often explodes
spontaneously, without any apparent cause. A single drop of it,
exploded upon a glass or porcelain dish, shatters the vessel to
atoms. The preparation and handling of this body require the
greatest caution; it should never be prepared by the novice in
chemistry. .

118. We have heretofore adduced experimental proof of every
proposition and statement so far as was possible at such a stage
of the student’s progress. The chemical properties of the four
elements, oxygen, nitrogen, hydrogen, and chlorine, have been
exhibited by experiment, the composition of many of their most
important compounds has been demonstrated by analysis or by
synthesis, or by both these methods, and the chemical properties
of these compounds have been illustrated by actual experiment.
Beveral objects have been thus attained:—first, experimental
methods of research have been illustrated by tangible examples ;
secondly, the foundation, scope, and application of important
laws of chemical combination have been explained ; thirdly, four
leading elements have been minutely studied—hydrogen (the
standard atom and the unity of specific gravity for gases),.
oxygen, nitrogen, and chlorine (three widely diffused elements,
each of which is the first member and prototype of an important
group of elements, many of whose properties we shall hereafter
find we have already become acquainted with in studying the
prototypes) ; fourthly, three compounds of these elements have
been carefully studied—chlorhydric acid, water, and ammonia
—compounds which are not only interesting in themselves, but
of great significance as types, or models, of three large groups of
compounds whose praperties we have really been studying while
we studied their types.

From this point forward the student will be asked to accept
on trust many facts, drawn from the accumulated stores of the
science and resting on satisfactory evidence, the full exposition

12
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of which would be both tedious and inappropriate. The subject-
matter of chemistry is so vast and various that it will be neces-
sary to select from the great mass of material only the most
valuable portions, and to dwell only on those elements and com-
pounds which are of practical importance in the useful arts, or
which are of interest in connexion with instructive theories or
recognized laws of the science.
119. Compounds of Chlorine and Oxygen.—Free chlorine does
ot combine directly with free oxygen. But by resorting to
indirect methods several compounds of the two elements can be
obtained. As many as five different oxides of chlorine, enume-
rated below, have been described, though as yet some of them
are known only in combination with water or other substances,
and not in the free condition :—

CoMPOSITION. ForxvLz.

By weight.
soxsert 6l o0
355x2=71 186x3= 48| Cl,0,
355 16x2= 32| C10,
oric acid ......... 2vols.+-5vols.| P [3566%x2=T1 16x5= 80| Cl,O,
Perchloric acid...... 2 vols. +7 vols| ? [356x2=T1 16x7=112| CL,0;

120. Hypochlorous Acid (C1,0).—If a small quantity of slaked
lime (hydrate of calcium) be thrown into a bottle of chlorine gas,
-and the mixture be then left to itself during several hours, the
chlorine will be completely absorbed, and there will be formed
two compounds, one of which will be found to be hypochlorite
of calcium, the other chloride of calcium. The reaction may be
thus formulated : —

2(Ca0,H,0) 4+ 4Cl = CaO,CLO + CaCl, + 2H,0.
This mixture is a substance much used in the arts under the
technical names “ chloride of lime,” and ¢ bleaching-powder; * it
will be again referred to hereafter.

121. Hydrated hypochlorous acid may be prepared from
¢ bleaching-powder;”’ the solution has & yellowish color, an
acrid taste, and a peculiar sweet odor. When concentrated it
decomposes rapidly, even if kept upon ice. Dilute solutions are

-
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more stable, but they decompose slowly upon being boiled. Hy-
pochlorous acid is a powerful oxidizing and bleaching agent,
Its solution produces at once effects which aré only slowly ob-
tained when chlorine-water is employed.

Anhydrous hypochlorous acid, which may be obtained by re-
moving the water from the aqueous solution, is a gas of pale
yellow color and offensive odor, somewhat resembling that of
chlorine. It decomposes very easily into 2 volumes of chlorine
and 1 volume of oxygen; even the warmth of the hand is suf- -
ficient to decompose it ; and it is difficult to preserve it unchanged
even for a few hours. At low temperatures, such as are pro-
duced by a mixture of ice and salt, the gas condenses to a dark
orange-colored liquid, heavier than water and very explosive.

122. Chlorous Acid, C1,0,, may be obtained by deoxidizing
chloric acid by means of nitrous acid. When in the anhydrous
condition it is & gas of a yellowish-green color, liquefiable by
extreme cold. It is a dangerous compound to prepare, since at
temperatures above 57° it decomposes, with explosion, into chlo-
rine and oxygen. It is readily soluble in water, and the solution
possesses strong bleaching and oxidizing properties. It is a
weaker acid than chloric acid, § 124, but resembles it in many
respects. With metallic oxides it unites to form compounds
called chlorites.

123. Hypochloric Acid, C10,,—This very explosive compound
may be prepared by gently heating a mixture of chlorate of
potassium and concentrated sulphuric acid. The gas is of a
bright yellow color and aromatic odor. Upon being exposed to
daylight or to a temperature somewhat below the boiling-point of
water, it decomposes into oxygen and chlorine, the decomposition
being usually attended with explosion. The preparation of the
gas is dangerous, and should never be attempted unless upon a
very small scale. At the temperature of a mixture of ice and
salt, the gas condenses to a yellow, highly explosive liquid.

124. Chloric Acid, C1,0,—In the present state of science this
is the most important of the compounds of oxygen and chlorine,
It is not known in the free state, and in the hydrated condition
has never been obtained with less than 1 molecule of water,
H0,CL0,
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‘When a current of chlorine is made to flow into a cold dilute aquecus
solution of caustic potash, 8 mixture of hypochlorite and of chloride of
potassium is produced :—

2(K,0,H,0) + 401 = K,0,C,0 + 2KCl + 2H,0,—
the reaction being analogous to that between lime and chlorine, de-
scribed in § 120. But if the conditions as to the concentration and
temperature of the solution of potash be changed—if, instead of using
a dilute solution, chlorine be passed into a moderately strong hot solu-
tion of caustic potash, or of carbonate of potassium, hypochlorous acid
will no longer be formed, but instead of it chloric acid. The reaction
may be expressed as follows :—

6(K,0,H,0) 4+ 12C1 = K,0,CL0, 4+ 10KCl + 6H,0.
Chloride of potassium is formed as before, but the remainder of the
chlorine is now more highly oxidized. Chlorate of potassium is less
soluble than chloride of potassium ; it separates in flat tabular crystals
after the liquid has been concentrated by evaporation and cooled. It
is the substance which was employed for making oxygen in Exp. 7.

Chloric acid could be prepared directly from chlorate of potassium by
boiling a solution of this substance with fluosilicic acid. An almost
insoluble fluosilicate of potassium would be formed, and chloric acid
sot free. But an easier method is to first convert the chlorate of potas-
sium into chlorate of barium, and to liberate the chloric acid from this
salt by means of sulphuric acid, with which barium forms a remarkably
insoluble compound :—

Ba0,CLO, 4 H,0,S0, = Bs0,80, 4+ H,0,C1,0,.

The solution of chloric acid is separated from the insoluble sulphate
of barium by filtration, and concentrated by evaporation over sulphuric
acid in the exhausted receiver of an air-pump. By cautious evapora-
tion the acid may be brought to a syrupy conmsistence, but is then
rather easily decomposed, especially if it be heated or exposed to light.
At the temperature of boiling it is rapidly converted into perchloric
acid, water, chlorine, and oxygen. It is a strong acid, and a powerful
oxidizing and bleaching agent.

125. Perchlorie Acid, C1,0,, is formed, as above stated, when
an aqueous solution of chloric acid is boiled ; being volatile it may
be distilled off and collected. A compound of this acid and po-
tassium, perchlorate of potassium, can be obtained by heating
chlorate of potassium to a certain temperature. Perchloric acid
is a more stable compound than either of the other oxides of
chlorine. The dilute aqueous solution may be concentrated by
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evaporation over fire, even at high temperatures, The hydrated
acid H,0,C10, is a colorless, oily liquid, which boils at 203°,
and has a specific gravity of 1:782. It is a powerful oxidizing
agent.

The student will do well to compare this series of oxides of
chlorine with that of the oxides of nitrogen, and to note the
points in which the two series resemble and those in which they
differ from each other.

CHAPTER IX.
BROMINE.

126. Bromine is an element closely allied to chlorine. It is
found in small quantities in sea-water, and in the water of many
saline springs. 1 litre of sea-water contains from 0-0143 to
0-1005 grm. of it. As it exists in nature it is combined with
metals, bromide of magnesium being the compound most com-
monly met with. Bromide of magnesium is a constituent of the
unerystallizable residue, called bittern, which remains after the
chloride of sodium has been crystallized out from the natural
brines ; at several saline springs this bittern contains so large a
proportion of the bromide that bromine can be profitably extracted
from it. Most of the bromine of commerce is thus obtained.

In order to obtain bromine from the bittern, the latter is mixed with
black oxide of manganese and chlorhydric acid, and heated in a retort.
Chlorine is of course evolved from these materials in the midst of the
liquid ; it reacts upon the bromide of magnesium and sets free bromine,
which dmtxl.s over into the receiver as a dark-red, very heavy liquid :—

MgBr, 4 2C1 = MgCl, + 2Br.

All the metallic bromides are readily decomposed by chlorine, bro-
mine being, as a rule, a less energetic chemical agent than chlorine.

127. At the ordinary temperature bromine is a liquid of dark
brown-red colgr, about three times as heavy as water, and highly
poisonous. Its odor is irritating and disagreeable, whence the
name bromine, derived from a Greek word and signifying a
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stench. It boils at about 60° but is very volatile even at the
ordinary temperature of the air.

Exp. 66.—By means of a small pipette, throw into a flask or bottle,
of the capacity of 1 or 2 litres, 3 or 4 drops of bromine. Cover the
bottle loosely, and leave it standing. In a short time it will be filled
with a red vapor, which is bromine gas. This vapor is very heavy,
more than five times as heavy as air, and eighty times as heavy as
hydrogen.

At about 7° bromine crystallizes in brittle plates. It dissolves
sparingly in water, but is soluble in alcohol, and in all propor-
tions in ether.

In its chemical behavior, as well as in many of its physical
properties, bromine closely resembles chlorine. Its affinity for
hydrogen, though weaker than that of chlorine, is still power-
ful. Like chlorine, it is an energetic bleaching and disinfecting
agent, and it decomposes the vapor of water when passed with it
through a tube heated to bright redness, bromhydric acid and
oxygen being the products of the reaction. A lighted taper burns
for an instant in bromine vapor and is then extinguished. Phos-
phorus, antimony, potassium, and the like, take fire on being
thrown into bromine, in the same way as in chlorine, a bromide
of the other element being produced.

Exp. 67.—Fit a thin cork to a large, wide-mouthed bottle; perfo-
rate the cork, and through the hole pass a tube of thin glass (No. 2)
closed at one end. The tube should reach nearly to the bottom of the
bottle, and should project two'or three inches above the cork. Within
the tube place a few drops of bromine ; throw in upon this a very small
quantity of finely powdered antimony, and instantly cover the mouth
of the tube with an inverted crucible or wide-mouthed phial, in order
that nothing may be thrown out of the tube by the violent action
which attends the combination. If the tube be broken, its fragments
will be retained within the bottle. .

Bromine is used to a certain extent in medicine, and largely in
photography. In the chemical laboratory it is often employed,
not only for its own sake, but as a substitute for chlorine; for,
though less energetic, it is more manageable than the latter, espe-
cially in those cases where a liquid is desirable.

128. Bromhydric Acid (HBr).—In spite of the strong affinity
of bromine for hydrogen, these elements cannot readily be made




BROMHYDRIC ACID. 121

to unite directly. A mixture of equal volumes of hydrogen and
bromine vapor cannot be made to combine with explosion by ex-
posure to the sun’s rays, or by the introduction of & burning
lamp, though a certain amount of combination occurs in the im-
mediate neighborhood of the flame. But by immersing in the
mixture & platinum wire, kept red-hot by a galvanio current, the
two elements may be made to unite slowly ; and a similar result
is obtained by passing the mixed gases through a red-hot tube.
Bromhydric acid gas can, however, be readily prepared by de-
composing bromide of potassium with sulphuric acid, or, better,
with a concentrated solution of phosphoric acid. The reaction is
analogous to that in which chlorhydric acid is obtained from
chloride of sodium :—

2KBr + H,0,80, = K,0,80, + 2HBr.

If sulpharic acid be employed, a secondary reaction occurs; a
emall part of the bromhydric acid suffers decomposition, and the
product is slightly contaminated with free bromine and with
sulphurous acid :—

2HBr + H,0,80, = 2H,0 + 2Br + SO,

Since phosphoric acid does not thus decompose bromhydrie
acid, the latter can be obtained in a state of purity by distilling a
mixture of bromide of potassium and phosphoric acid. :

129. Bromhydric acid is a colorless, irritating gas, which, on
coming in contact with the moisture of the air, fumes even more
strongly than chlorhydric acid. By powerful pressure it can be
reduced to the liquid condition, and upon being exposed to intense
cold it may be obtained in the form of a crystalline solid.

It is readily soluble in water, forming a strongly acid solution
which resembles chlorhydric acid in many respects, and, like i,
fumes in the air. A ready method of preparing the solution is
to decompose a strong solution of bromide of barium with sul-
phuric acid diluted with its own weight of water. The solution
of the free acid may then be separated from the insoluble sulphate
of barium by filtration or by distillation.

When the solution of this acid is mixed with nitric acid, there
is obtained another aqua regia capable of dissolving gold and pla-
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tinum, like the mixture of chlorhydric and nitric acids, though less
rendily.

130, The gas undergoes no change when passed through s
red-hot tube; but it is readily decomposed by metals like potas-
sium at the ordinary temperature, and by tin gently heated: A
bromide of the metal is formed in either case, and there remains
a volume of hydrogen equal to half that of the original gas. Ob-
servation has shown that the specific gravity of the gasis very
nearly 40-5, or half the sum of the specific gravities of bromine
vapor and hydrogen. From this fact and the above decomposi-
tion of the gas by metals, it follows that bromhydric acid is com-
posed of equal volumes of bromine and hydrogen united without
condensation.

131. Bromic Acid, H,0,Br,0,,—Only one oxide of bromine
has been studied, and even this has never been obtained free from
water. It is bromic acid, a substance corresponding to chloric
acid in composition and properties. Its compounds, also, known
as bromates, generally resemble very closely the corresponding
chlorates.

Bromate of potassium can be obtained by the action of bromine upon
potash-lye, in the same way that chlorate of potassium is obtained by
the action of chlorine : —

6(K,0,H,0) + 12Br = K,0,Br,0;, + 10KBr + 6H,0.
" The bromate, which is less soluble than the bromide, can subse-
quently be separated by crystallization. In order to obtain the hy-
drated acid, bromate of barium may be decomposed with dilute sul-
phuric acid :—
BaO,Br,0, 4+ H,0,S0, = Ba0,SO, 4+ H,0,Br,0,.

The insoluble sulphate of barium is separated by filtration. The
acid solution can be concentrated to & certain extent by evaporation
at a gentle heat, but cannot readily be brought to a syrupy consistency
without decomposition. It decomposes, also, on being heated to 100°,
and in general gives up oxygen on being brought into contact with sub-
stances which readily combine with that element.

132. Hypobromous Acid, H,0,Br,0.—There can be no doubt
of the existence of an oxide of bromine corresponding to hypo-
chlorous acid. When bromine is added to an excess of a solution
of nitrate of silver, a liquid of strong bleaching-properties is
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obtained, from which a yellowish, acid fluid may be distilled.
This distillate bleaches strongly, and yields, on analysis, numbers
corresponding with the above formula. When cold dilute alka-
line solutions are mixed with bromine they acquire a power of
bleaching, and in general behave like the alkaline hypochlorites,
which are formed under similar conditions. 8o too when bro-
mine-water is treated with red oxide of mercury; a sparingly
soluble oxybromide of mercury is formed, together with a bleach-
ing liquor supposed to contain hypobromous acid.

The analogies which subsist between chlorine and bromine are,
however, everywhere so clearly defined that there is good reason
to believe that other oxides of bromine, corresponding to those of
chlorine, will be sooner or later discovered.

133. Chloride of Bromins.—Liquid bromine absorbs a large
quantity of chlorine-gas when the two elements are brought
together, and there is formed a very volatile liquid called chloride
of bromine. It exhales a pungent, irritating odor, and is soluble
in water ; the solution possesses considerable bleaching-power.

134. Bromides of Nitrogen is an explosive compound analogous
to chloride of nitrogen, from which it may be prepared by means
of bromide of potassium.

CHAPTER X,

IODIKNE.

135. In its chemical properties iodine bears & striking resem-
blance to bromine, and consequently to chlorine also. It exists
in sea-water and in the water of many saline and mineral springs.
The proportion of iodine in sea-water is exceedingly small, being
even smaller than that of bromine. But iodine is obtained more
readily than bromine ; for iodine is absorbed from sea-water by
various marine plants, which, during their growth, collect and

concentrate the minute quantities of iodine which the sca-water
\
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s, to such an extent that it can be extracted from them
it.
. the coasts of Scotland, Ireland, and France, where labor is
the sea-weeds which contain iodine are collected, dried, and
at & low heat, in shallow pits. The half-fused ashes thus
d, called kelp or varec, contains, among other things, iodine in
n of iodide of sodium and iodide of potassium. It is lixiviated
siling water, and the solution is then evaporated and set aside
allize. The iodides, being much more soluble than the other
tents of the ash, remain dissolved in the mother-liquor after
"the other salts have crystallized out. If this mother-liquor,
e-lye, be now mixed with a small quantity of sulphuric acid
. to itself for a day or two, it may be freed from a further portion
rity ; it is then transferred to a leaden retort, mixed with a
+ quantity of powdered black oxide of manganese, and gently
Iodine is set free, just as chlorine would be from chloride of
under similar circumstances, and may be collected in appro-
sceivers :—
- 2(H,0,80,) + MnO, = N3,0,S0, + Mn0,S0,4- 2H,0 + 2L
At the ordinary temperature iodine is, & soft, heavy,
line solid of bluish-black color and metallic lustre. Its
gravity is 4-948. It melts at a temperature (107°) a
bove that at which water boils, and boils at a somewhat
temperature (178°~180°); but in spite of this high boil-
nt it evaporates rather freely at the ordinary temperature
air, and the more rapidly when it is in & moist condition.
be entirely volatilized by heating it upon writing-paper.
r is peculiar, somewhat resembling that of chlorine, but
, and easily ddstinguished from it. Its atomic weight

vapor of iodine is of a magnificent purple color, whence
ne iodine, derived from a Greek word signifying violet-
; it is very heavy, indeed the heaviest of all known
it is nearly nine times as heavy as air. The specific gravity
vapor is 127,

68.—Hold a dry test-tube in the gas-lamp by mesans of the
nippers, and warm it along its entire length, in so far as this
icable. Drop into the hot tube a small fragment of iodine, and
the vapor as it rises in the tube. If only & amall portion of
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the tube were heated, the vapor would be deposited as solid iodine
upon the cold part of its walls.

137. Bolid iodine is never met with in the amorphous, shape-
less state in which glass, resin, coal and many other substances
occur.  No matter how obtained, its particles always exhibit a
definite erystalline structure. If the iodine be melted and then -
allowed to cool, or if it be converted into vapor and this vapor be
subsequently condensed, crystals will be formed in either case.
Perfect crystals can be still more readily obtained by dissolving
iodine in an aqueous solution of iodohydric acid, and exposing this
solution to the air in a narrow-necked or loosely stoppered bottle ;
the iodohydric acid will be slowly decomposed by the action of
the atmospheric oxygen, and, as it decomposes, well-defined crys-
tals of iodine will be deposited.

In whichever way prepared, the crystals of iodine are octahe-
drons with a rhombic base, belonging to the crystalline system
called trimetric. As commonly seen, the crystals are thin,
flattened tables, distorted by excessive elongation in one di-
rection.

138. Iodine is scarcely at all soluble in water, though enough
dissolves to impart a brown color to the water ; but it dissolves
readily in- aleohol and ether. These solutions are much used in
medicine, particularly the alcoholic solution, which is called tinc-
tare of iodine. When swallowed in the solid state, iodine acts as
an energetic corrosive poison ; but several of its compounds, and
the element itself when taken in small doses, are highly prized
ssmedicaments. It is also largely employed in photography, and
is a useful reagent in the chemical laboratory.

139. As has been already stated, iodine, in its chemical beha-
vior, resembles chlorine and bromine, only its affinities are more
feeble. It enters into combination with less energy than either
of these elements, and is displaced by them from most of its com-
binations. Like them, it unites directly with the metals and with
several other elements. It gradually corrodes organic tissues,
and destroys coloring-matters, though but slowly. No oxygenis
given off from the aqueous solution when this is exposed to sun-
light ; Lut the color of the solution slowly disappears, and & mix-
tare of iodobydric and iodic acids is formed in it.



6 TESTING FOR IODINE.

A singular property of iodine is its power of forming a blue
compound with starch.

Ezp. 69.—Prepare a quantity of thin starch-paste by boiling 30 c.c.
of water in a porcelain dish, and stirring into it 0'5 grm. of starch
which has previously been reduced to the consistence of cream by
rubbing it in a mortar with a few drops of water.

Pour 3 or 4 drops of the paste into 10 c. c. of water in a test-tube
and shake the mixture so that the paste may be equably diffused
through the water; then add a drop of an aqueous solution of iodine,
and observe the beautiful blue color which the solution assumes. If
the solution be heated the blue coloration will disappear, but it reap-
pears when the liquid is allowed to cool.

Dip & strip of white paper in the starch-paste and suspend it, while
still moist, in & large bottle, into the bottom of which two or three
crystals of iodine have been thrown. As the vapor of iodine slowly
diffuses through the air of the bottle it will at last come in contact
with the starch, and after some minutes the paper will be colored

lue.

This reaction furnishes a very delicate test for iodine. By its
means it has been proved that iodine, though nowhere very abun-
dant, is very widely distributed in nature ; traces of it have been
detected in land plants, and in many well, river, and spring
waters, also in rain-water, and even in the air; indeed it would
be difficult to say where iodine is not.

In order that it may be detected by this test, the iodine must
be free or uncombined. But, as has been stated, chlorine readily
expels iodine from most of its combinations. In case, then, we
have reason to suspect the presence of a compound of iodine
(iodide of potassium, for example) in any substance, a small quan-
tity of chlorine-water, or of some other agent capable of expelling
iodine, must be added to this substance. Once displaced from
its combination, the iodine may be at once detected by means of
starch.

Ezp. 70.—Place in a test-tube 10 c. c. of water, a drop of concen-
trated aqueous solution of iodide of potassium, and 8 or 4 drops of the
starch-paste of Exp. 69. If the iodide of potassium be pure, no colo-
ration will occur. Add now 2 or 8 drops of chlorine-water, and shake
the tube. The characteristic blue coloration at once appears,

In order to illustrate the extreme delicacy of this reaction, dissolve
0-14 grm. of iodide of potassium in 1 litre of water, and to this solu-
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tion, which contains 1 part of iodine in 10,000 parts of water, add some
of the starch-paste and several drops of red fuming nitric acid, a re-
agent on some accounts better fitted than chlorine to disengage iodine
in this experiment (see § 150). After a time the solution will exhibit
the blue color, though in solutions so dilute as this it sometimcé
happens that the coloration appears only after the lapse of several
hours.

1t follows, of course, from the foregoing experiment, that the
reaction of iodine upon starch can be used as a test for those
substances which, like chlorine or nitric acid, are capable of set-
ting free iodine, as well as for iodine itself. In the chemical
laboratory it is customary to keep on hand for this purpose a
store of paper upon which has been spread a mixture of starch-
peste and iodide of potassium, prepared as follows :—

Erp. 7T1.—Dissolve 05 grm. of pure iodide of potassium (free from
iodate) in 100 c. c. of water ; boil this solution in a porcelain dish and
stir into it 5 grms. of finely powdered starch, taking care not to burn
thestarch, and stirring until the mass gelatinizes. Remove the lamp,
allow the paste to become cold, and by means of a wooden spatula
spread it thinly upon one side of white glazed paper. The paper is
then dried, cut into strips about 8 c.m. long by 2 wide, and preserved
in stoppered bottles kept carefully closed.

Ezp. 72.—Place in a test-tube a small quantity of binoxide of man-
ganese, pour upon it 4 or b c. c. of chlorhydric acid, heat the mixture,
and hold at the top of the tube a moistened strip of the test-paper
which was prepared in the preceding experiment. The chlorine evolved
by the reaction of the chlorhydric acid upon the binoxide of manga-
nese sets free iodine from the iodide of potassium upon the test-paper,
and the starch is thereby coloured blue. The presence of chlorine in
chlorhydric acid is thus made apparent. By this test we might dis-
criminate, for example, between dilute nitric and chlorhydric acids.

140. Jodohydric Acid (HI). — Hydrogen and iodine do not
readily unite together directly. There is here nothing to recall
the explosive violence with which chlorine and hydrogen com-
bine. Sunlight has no power to bring about the union of the
two elements at the ordinarggmperature ; but when a mixture
of hydrogen gas and iodine vapor is passed through & red-hot
tube, iodohydric acid is formed. It has been observed, also, that
spongy platinum will cause the union of the two elements even at
ordinary temperatures. Even when indirect methods are resorted
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3y to prepare iodohydric acid than chlorhydric or
dium be distilled with sulphuric acid, there will be
le iodohydric acid ; for most of that which is produced
1bsequently destroyed by the action of sulphuric acid,
"as happens to a less extent with bromhydric acid,

>hydric acid is formed in accordance with the reaction

)Nal 4+ H,S0, = Na,S0, + 2HI,

:omposed by another portion of sulphuric acid, in 8

18y be thus represented : —

iI + H,S0, = 2H,0 + SO, + 2L

ohydric acid can, however, be readily obtained by the

» upon & compound of sulphur and hydrogen, called
In practice, a current of sulphydric acid gas is made

water in which finely divided iodine is kept suspended

['he sulphydric acid, the formula of which is H,S,

and there is formed 2HI and free sulphur, which is

iodohydric acid may also be obtained by distilling s
ne, phosphorus, and much water, in which case the
:e8 with the oxygen of a portion of the water, while
s the hydrogen. Or it may be prepared by decompo-
solution of iodide of barium with an equivalent quan-
ulphuric acid, and filtering off the solution from the
ite of barium.

lute acid obtained by either of these methods can
d, by evaporation, to aliquor of 1-7 specific gravity,
>, and composed of one molecule of iodohydric acid
1 molecules of water. The aqueous solution has
ting odor, and pungent acid taste. When concen-
3 strongly in the air. It cannot be long preserved
to contact with the air, for the oxygen of the air
+ hydrogen, and iodine is set free. At first this iodine
at portion of the iodohydric acid which has not yet
ied ; but after the acid has become saturated, crystals
leposited, as has been stated in § 137. The decom-
lohydric acid is so rapid that the pure, colorless so-
ecomes red from separation of iodine after a few
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hours’ exposure to the air, no matter whether it be minute or
concentrated. The easy decompositon of this acid shows clearly
with how much less force hydrogen holds iodine in combination
than it holds either chlorine or bromine.

142. The usual method of preparing anhydrous iodohydric
acid is as follows :—

In the bottom ot a test-tube place a mixture of 9 parts of iodine and
1 part of phosphorus. Cover the mixture with coarsely powdered
glass, and bring about chemical union between the iodine and the
phosphorus by gently heating them. Place now a few drops of water
in the tube, and connect with it a gas delivery-tube by means of a
caoutchoue stopper. JIodohydric acid will be immediately given off,
aod may be collected by displacement.

Another method is to pack a test-tube with alternate layers of phos-
pharus, iodine, and moistened glass-powder, and then to gently heat
the tube. The operation depends upon the formation of an iodide of
phosphorus and the subsequent decomposition of this body by contact
with water into iodohydric acid and a compound of phosphorus, oxygen,
and water, called hydrated phosphorous acid :—

2P1, 4+ 6H,0 = 6HI 4 8H,0,P,0,.

143. Iodohydric acid is & colorless, acid gas, of suffocating
odor; it fumes strongly in the air, and is very soluble in water.
It can be liquefied rather easily by pressure, and solidified at —51°
to a colorless mass like ice. The gas is more than four times as
heavy as air, its specific gravity having been found by observa-
tion to be 64'11. From this fact, taken in connexion with the
striking analogy which the compound bears to bromhydric.and
chlorhydric acids, it follows that the gas is compgsed of equal -
volumes of iodine vapor and hydrogen united without condensa-
tion ; for the theoretical density of a gas thus composed would be
(I1274+1)+~2=64, a number with which the observed specific
gravity closely agrees. The chemical effect of the small propor-
tion of hydrogen contained in iodohydric acid is most remark-
able. Only v4, or less than 1 per cent. of iodohydric acid is
hydrogen, yet this very small proportional quantity of hydrogen
is ecompetent to impart an entirely new set of properties, both to
the iodine and the hydrogen ; the acid bears no resemblance to
either of its constituents.

144, Todohydrio acid is & compound which decomposes easily,

K
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ixture of the gas and oxygen is passed through a red-
rater and free iodine are the products. Chlorine and
stract hydrogen from it, and leave iodine free; and
ffect is produced by many oxygen compounds which
t with oxygen. With many of the metals it forms
ile hydrogen is set free ; and it reacts upon most of the
ides, forming water and a metallic iodide.
the hydrogen of iodohydric acid is readily removed by
)xygen in numerous instances, it appears, upon the
, that iodine can abstract hydrogen from most of its
ns with the other elements. Only oxygen, chlorine,
ad an element (still to be studied) called fluorine, ex-
nger tendency than it to unite with hydrogen. Iodine
1ydrogen from 1ts compounds with nitrogen, sulphur,
orus, and from many organic compounds, such as alco-
er, iodohydric acid being formed in each case.
mpounds of Todine and Oxygen.—Of the compounds of
oxygen, only two have as yet been carefully studied.
espond respectively to chloric and perchloric acids.
3 analogous to hypochlorous and hypochloric acids ap-
st, but have not been described with much accuracy.
lic acid (I,0,) may be obtained directly by oxidizing
iodine with monohydrated nitric acid at a moderate
er all the iodine has disappeared, and the excess of
employed has been evaporated, iodic acid will be left
residue,
id is readily soluble in water, and crystallizes from an
solution in colorless, six-sided tables, of the formula
40,1.0,. It has a peculiar odor, and acid, disagreeable
the temperature of 170°, water is given off and the
acid remains. This melts upon being heated more
nd suffers decomposition.
id readily gives up oxygen to many other substances,
r words, it is easily decomposed by reducing-agents;
e, when mixed with iodohydric acid it reacts upon it
ition of wuter and deposition of iodine :—
10HI + 10, = 6H0 + 12I

metals are oxidized by it, excepting gold and platinum.
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With metallic oxides it forms compounds called iodates, which are
analogous to the corresponding chlorates and bromates in com-
position and properties,

147. Periodic acid (1,0,) may be prepared by passing chlorine

gas through a solution of iodate of sodium mixed with caustic
soda. Chloride of sodium and basic periodate of sodium will be
formed, and the latter, being sparingly soluble in water, will be
deposited in crystals :—
N2, 0,10, 4+ 3(Na,0,H,0) 4 4C1=2Na 0,1,0,4 4NaCl+ 3H,0.
If now the sodium salt be collected and dissolved in water, and
the solution be mixed with nitrate of lead, a periodate of lead
will be obtained; this may be decomposed by means of dilute
sulphuric acid into periodic acid and insoluble sulphate of lead.
The latter may then be separated by filtration, and the clear so-
lution of the acid finally concentrated by evaporation.

From the concentrated aqueous solution periodic acid separates
in colorless hydrated crystals, which, upon being carefully heated,
give off water and yield as a residue the anhydrous acid I,O,.
At a still higher temperature, the anhydrous acid decomposes
and gives off oxygen. It is decomposed also by reducing-agents
in the same way as iodic acid.

The other compounds of iodine and oxygen have but little in-
terest for us, except that they serve to increase the number of
analogies which subsist between iodine, bromine, and chlorine.

148. Iodide of Nitrogen (?).—There appear to be a number of
compounds which have hitherto been usually classed under this
title. They are produced by the action of ammonia upon iodine,
and are mostly of a highly explosive character, though their pro-
perties and composition vary to a certain extent according to the
mode of their preparation.

Ezp, 73.—Place 0-25 grm. of finely powdered iodine in a porcelain
capsule, and pour upon it so much concentrated ammonia-water that
the iodine shall be somewhat more than covered; allow the mixture
to stand during 15 or 20 minutes, when an insoluble dark-brown
powder will be found at the bottom of the liquid. This powderis the
so-called iodide of nitrogen. It should be collected upon two or three
very small filters and well washed with cold water. Remove the
filters, together with their contents, from the funnels, pin them upon
bits of board, and leave them to dry spontaneously.

x23
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the powder has become thoroughly dry it will explode
abbed, even with a feather, or jarred, as by the shutting
by a blow upon the wall or table. Though incomparsbly
18 than chloride of nitrogen, and therefore better suited
ride to illustrate the explosive character of this obscure
gen compounds, iodide of nitrogen must nevertheless be
. great care, and should never be prepared by the student
y small quantities.

wides of Jodine.—Iodine combines directly with chlo-
:al proportions, a protochloride, ICl, and a terchloride,
he best-known of these compounds.

chloride is obtained by passing dry chlorine over dry
wrrent of chlorine being checked at the moment when all
8 become liquid. Or it may be made by distilling iodine
e of potassium, and collecting the product in a cooled

+ 21 = KCIO, + KIO, + KCl + 20 + IClL

» of iodine is a reddish-brown, oily liquid, volatile, irrita-
penetrating odor. It decolorizes litmus and indigo, but
a blue color with starch.

oride may be produced by treating iodine with an excess
jas, or by acting upon anhydrous iodic acid with dry
cid gas:—

[,O, + 10HCl = 2ICl, 4 6H,0 4+ 4CL

w crystalline solid, melting at 20°-25°. It acts upon
ices in the same manner as the protochloride; like the
, it decolorizes indigo and does not turn starch blue.
nowledge of the properties of the chlorides of iodine is
stical importance, since they are liable to be formed
in several chemical processes, which their presence
hus, in the manufacture of iodine, as described under
»dine-lye almost always contains a certain proportion
feodium. It is evident that if the chlorine in this
rere to be evolved at the same time as the iodine by
f the black oxide of manganese and sulphuric acid,
be formed a quantity of the very volatile protochloride
1ich would escape condensation. Whatever of iodine
ibined with chlorine would be lost to the manufacturer.
been repeatedly stated, iodine is an element which
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can be much more readily expelled from its combinations than
chlorine; and in the case in point it is found that the iodine in
the mixture of iodide of sodium and chloride of sodium, which
the iodine-lye contains, will all come off before the chlorine, if
the distillation be slowly conducted. 1If, through irregular heat-
ing, any portion of the contents of the retort should become hotter
than the rest, and so lose all its iodine, chlorine would be disen-
gaged from that portion, and would unite with the vaporized
iodine which fills the retort. To ensure the necessary slow and
equable heat, the retort is set upon a stove suitable for the
maintenance of a slow fire, and is provided with an agitator, by
means of which its contents may be continually stirred.

Again, in testing for iodine, as in Exp. 70, chlorine is a far
less convenient agent for setting free the iodine from.its combi-
nations than fuming nitric acid; for if the slightest excess of
chlorine be employed, the iodine will all be converted into chlo-
ride of iodine, and the starch will not be colored blue.

151. Bromides of Iodine.—There are two compounds of bro-
mine and iodine, and their properties are analogous to those of
the chlorides of iodine.

152. Chlorine, bromine, and iodine constitute one of the most
remarkable and best-defined natural groups of elements. Whether
we regard the uncombined elements or their compounds, it is im-
possible not to be struck with the close analogies which subsist
between them. 'With hydrogen, all of these elements unite in the
proportion of one volume to one volume, without condensation, to
form acid compounds extremely soluble in water and possessing
thronghout analogous properties.

H| + |Br| =| HB
1 v
HI+|I| = HI
il .

With oxygen each of them forms a powerful acid containing five
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atoms of oxygen, besides divers other compounds of obvious like-
ness. The compounds furnished by their union with any one
metal are always isomorphous (like-formed); the chloride, bromide,
and iodide of potassium, for example, all crystallize in cubes.
‘With nitrogen they all form explosive compounds. Many similar
analogies will be made manifest as we proceed to study the other
elements, and their compounds with this chlorine group.

There is a distinct family resemblance between these three
elements as regards their physical as well as their chemical cha-
racteristics ; but, in all their properties, a distinct progression
is observable from chlorine through bromine to iodine. At the
ordinary temperature chlorine is a gas, bromine a liquid, and
iodine a solid, though at temperatures not widely apart they are
all known in the gaseous and liquid states. The specific gravity
of bromine vapor is greater than that of chlorine, and that of
iodine greater than that of bromine. Chlorine gas is yellow, the
vapor of bromine is reddish brown, that of iodine violet. So with
all their other properties,—chlorine will be at one end of the
scale, iodine at the other, while bromine invariably occupies the

_intermediate position.

The properties of many of the compounds of chlorine, bromine,
and iodine exhibit a similar progression as we pass from the
chlorine compounds to those of iodine. For example, the specific
gravity of

Chlorhydﬁc acid gas i8 ¢ o ¢ o o & 182
Bromhydrie " e o o o o o 406
Todohydric 5 . . . . . . 640

Chlorhydric acid can be liquefied at about —80°, and has not yet
been solidified. Bromhydric acid liquefies at about — 60°, and
solidifies at about —92°. Todohydric acid liquefies at about
—40°, and solidifies at about —50°,

Chlorhydric acid is a more energetic acid than bromhydric,
and bromhydric acid is more powerful than iodohydric. The
aqueous solution of chlorhydric acid can be kept without change
in contact with air; that of bromhydric acid becomes colored
after a while, from separation of bromine ; but the solution of
iodohydric acid decomposes rapidly, and much iodine is deposited.

As regards the relative chemical power of theee elements, it
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has already been shown that the intensity of this force becomes

less as we descend from chlorine to iodine. It is easy, for ex-

ample, to displace iodine from its compounds by means of bromine,
Nal + Br = NaBr + I,

and equally easy to displace bromine from its combinations by

means of chlorine,

NaBr 4+ Cl = Na(Cl 4 Br.

153. It is an important principle, borne out by most of the
other groups of elements, and emphatically true of the natural
family now under consideration, that, with kindred Elements, the
chemical power of each is great, in comparison with that of the
related elements, in proportion as its atomic weight is low.

Among the members of a natural chemical group, chemical
energy seems to be inversely proportional to atomic weight. Thus
the atomic weight of chlorine is 355, that of bromine 80, and that
of iodine 127, while the chemical energy of these elements fol-
lows the opposite order. ’

154. It is noteworthy that elements of like character almost
always occur associated with one another in nature. Bromine
and iodine are always found in company with chlorine. That
this should be so is in nowise surprising. Those elements which
are similar in character and properties must necessarily be simi-
larly acted upon by the natural forces to which they are exposed,
and must therefore inevitably tend to be gathered or deposited
in like places under like conditions,

CHAPTER XL
FPLUORINE,

155, There is another substance, called fluorine, which is closely
analogous to chlorine. This element cannot be readily obtained
in the free state, and scarcely anything is known of it in that
oondition. Special interest attaches to it upon this very account,
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1 many fruitless efforts toisolateit have been made. Of all the
ments, it appears to have the strongest tendency to enter into
'mical combination ; at all events it is the most difficult to ob-
n, and to keep, in the free and uncombined condition.

[t is not only difficult to expel fluorine from the minerals in
ich it is found in nature, but on being set free from one com-
nd it immediately attacks whatever substance is nearest at
1d, and so enters into a new combination. Hence it is well-
‘h impossible to collect it. It destroys at once glass, porcelain,
1 metal, the materials from which chemical apparatus is usually
istructed. , Vessels made of the mineral fluor-spar (a compound
fluorine and calcium), are the only ones which have as yet
m found capable of withstanding its action. By operating in
*h vessels, a small quantity of impure fluorine gas appears to
7e been really obtained ; but the process is difficult, expensive,
1 not uniformly successful. Little or no doubt, however, is
:ertained as to the general nature of fluorine, since its com-
1nds are closely analogous in many respects to the correspond-
; compounds of chlorine, bromine, and iodine.

The symbol of fluorine is Fl. Its atomic weight is 19. It
urs tolerably abundantly in nature as fluoride of calcium
1Fl,), in the mineral known as fluor-spar. Small quantities
fluorine are found also in several other minerals, in vegetable
1 animal substances, particularly in bones; and traces of it
ur in sea-water, and in various rocks and soils. It appears
be almost as widely disseminated as iodine, though, from the
k of delicate tests for fluorine, it is far less readily detected.
late years a considerable mine of a fluorine mineral called eryo-
» (fluoride of sodium and aluminum) has been worked in Green-
d.
156. Fluorhydric Acid (HF1).—With hydrogen, fluorine forms
rowerful acid corresponding to chlorhydric acid and the other
drides of the chlorine group. It is a more energetic acid than
her of these, but is specially characterized by its corrosive
ion upon glass. It may be readily prepared by distilling
wdered fluor-spar with strong sulphuric acid; the reaction
ing analogous to that which occurs when common salt is treated
th sulphuric acid :—
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CaFl, + HB80, =CaS0, + 2HFIL
Since the acid rapidly corrodes glass, the process must be con-
ducted in metallic vessels. Ordinarily, retorts of lead or platinum
are employed, and the distillate is collected in receivers made of
the same metals, and carefully cooled by means of ice.

157. The product of the distillation is a very volatile, colorless
liquid, & little heavier than water. It is strongly acid, emits
copious white and highly suffocating fumes in the air, boils at
15° and remains unfrozen at —20°. On account of its corrosive
power, this substance is highly dangerous ; if any of it happens
to come in contact with the skin, wounds are produced which are
very difficult to heal; a single drop of it is sufficient to occasion
8 deep and painful sore. In preparing the acid, special provision
must be made for carrying away from the operator any fumes
which may escape condensation.

The acid may be kept in bottles made of lead or silver, or of
gutta percha, substances upon which it has ho action. It unites
with water with great avidity, so much heat being evolved that
8 hissing noise is produced, as if a bar of red-hot iron had been
immersed in the water. In its concentrated form the acid has a
specific gravity of 1-061, but on the addition of a certain amount
of water the density increases to 115, a definite hydrate
(HF14-2H,0) being formed, which boils at 120° and may be
distilled unchanged. The further addition of water to this hy-
drate is attended with a regular decrease in density.

According to some chemists, the liquid acid obtained as above
described is not anhydrous. It is asserted that if it be distilled
with an excess of anhydrous phosphoric acid (a substance which
has a very strong affinity for water), the anhydride will be set
free in the form of a colorless, extremely irritating gas.

158. Upon metals and metallic oxides, fluorhydric acid acts
like chlorhydric acid, only more powerfully ; but its most striking
peculiarity is its action upon silica and the compounds of silica,
such as glass or porvelain. If a drop of the concentrated acid be
allowed to fall upon a piece of glass, it becomes hot, boils, and
partially distils off as a fluoride of silicon, while the glass is cor-
roded and becomes covered with a white powder consisting of com-
pounds of fluorine and various constituents of the glass. If this
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washed away a deep impression will be found upon the
e point where the acid has acted.

Tosive power, which is possessed by fluorhydric acid
| a8 its aqueous solution, is made use of for etching
e graduations on the glass stems of thermometers and
'8 may thus be made with great precision and facility ;
8 largely employed also in ornamenting glass with
terns.

—Warm a slip of glass and rub it with beeswax so that it
erywhere covered with a thin, uniform layer of the wax.
edle, or other pointed instrument, write & name, or trace
through the wax, 8o as to expose a portion of the glass.
:hing, face downward, upon a bowl or trough of sheet-lead,
as been placed a teaspoonful of powdered fluor-spar and
ong sulphuric acid to convert it into a thin paste; if the
naller than the opening of the dish, it may be supported
laid across the latter. .
o glass and the top of the dish with a sheet of paper, and
» heat the leaden vessel for a few moments, taking care not
wax; then set the dish aside in a warm place and leave it
ng an hour or two. Finally melt the wax and wipe it oft
7ith a towel or bit of paper; the glass will be found to be
| corroded at the places where it was laid bare by the re-
16 Wax.
seriment can be performed more rapidly by covering the
1 watch-glass with wax, tracing characters upon this layer,
lacing the glass upon a small platinum crucible containing &
fluor-spar and sulphuric acid, which is heated over the gas-
e watch-glass is meanwhile kept full of water, in order to
swax from melting. In this way the etching can be effected
se of & few minutes.
>f the gas, a dilute aqueous solution of the acid may be em-
this experiment. The concentrated acid of § 167, diluted
arts of water, answers a good purpose. In this case the
face will appear smooth like the rest of the glass, while in
s is employed the etched portion of the glass will be dull

o compounds of fluorine with chlorine, bromine, iodine,
or oxygen have yet been discovered, though a sulphur

has been obtained, as a fuming liquid, by distilling
f lead with sulphur. Fluorine is the only element of
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which no oxygen ocompound is known; this fact, however, will
appear less remarkable if it be remembered that, in order to ob-
tain oxygen compounds of chlorine, bromine, and iodine, it is
necessary first to isolate these elements, and to have them in the
free and uncombined condition. Analogy would therefore teach
that a practicable method of preparing free fluorine must be dis-
covered before we can hope to prepare oxides of fluorine.

160. The fact that fluorine forms a powerful acid with hydro-
gen, connects this element with the three elements (chlorine,
bromine, and iodine) which have last been studied. Many of its
compounds with the metals are analogous in composition to the
compounds of chlorine, bromine, and iodine, and not a few of
these compounds are isomorphous with one another. It is cus-
tomary therefore to study fluorine in connexion with the chlorine
group; but the student should remember that in several respects
it differs widely from chlorine, and that its connexion therewith
is, in any event, less intimate than that of either bromine or

CHAPTER XIL

OZONE AND ANTOZONE.

161. Besides ordinary oxygen, such as is found in the air and
has been prepared in Exps. 5 and 7, two other kinds or forms of
this element are known to chemists. These new modifications of
oxygen have received special names, and are called ozone and
antozone respectively.

162. Several other elements, notably sulphur, phosphorus, and
carbon, occur, as oxygen does, in very unlike states, or with very
different attributes, while the fundamental chemical identity of
the substance is preserved. The word allotropism is employed to
express this capability of some of the elements; it is derived
from Greek words signifying of a different habit, or character.
This word serves merely to bring into one category a considerable
pumber of conspicuous facts, of whose essential nature we have
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no knowledge ; there is, of course, no virtue in the word itself to
explain or account for the phenomena to which it refers.

163. Ozone is an exceedingly energetic chemical agent, which
resembles chlorine in some respects; it can therefore be advan-
tageously studied in connexion with the chlorine group. More-
over, since ozone and antozone were for a long time confounded
with one another, and since they are really intimately related,
they should, of course, be studied together. The most natural
connexion of these somewhat obscure bodies is with oxygen; but
we are better able to appreciate what is known of the properties
of ozone and antozone now that we have become acquainted with
a number of the elements, and have made ourselves familiar with
a considerable variety of chemical processes and reactions, than
we were at the very outset, when common oxygen was neces-
sarily studied.

164. It had long been noticed that when an electrical machine
was put in operation a peculiar, pungent odor was developed;
but it is only at a comparatively recent period that it has been
observed that the same odor is manifested during the electrolysis
of water (§ 35), and that this odor resembles that evolved by
moistened phosphorus when exposed to the air. It has gradually
been made out that the odor in each of these cases is due to the
presence of a peculiar modification of oxygen, called ozone from a
Greek word signifying to smell. This modification of oxygen was
at one time erroneously supposed by some to be a high oxide of
hydrogen, of composition H,0,, or H,O, ; but this view has lately
been completely disproved.

Of the methods of obtaining ozone above suggested, that by
phosphorus will usually be found most convenient.

Ezp, 75.—In a clean bottle, of 1 or 2 litres capacity, place a piece
of phosphorus 2 or 8 c.m. long, the surface of which has been scraped
clean (under water) with a knife; pour water into the bottle until the
phosphorus is half covered; close the bottle with a loose stopper, and
set it aside in & place where the temperature is 20° or 30°.

In the course of ten or fifteen minutes a column of fog will be seen
to rise from that portion of the phosphorus which projects above the
water, the original garlic odor of the phosphorus will soon be lost, and
the peculiar odor of ozone will gradually pervade the bottle. After
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five or six hours, the bottle will be found to contain an abundance of
ozone for use in the subsequent experiments. :

The chemical changes which occur during this experiment are
complicated ; it will be enough to say of them that the phos-
phorus unites with oxygen from the air in the bottle to form an
oxide of phosphorus, which will be studied hereafter under the
name of phosphorous acid; that during this process of oxidation
a portion of the oxygen in the bottle is changed into ozone and
antozone, and that some of the ozone remains, even after many
hours, diffused in the air of the bottle.

165. It must be distinctly understood that no very large quan-
tity of ozone is obtained in the foregoing experiment. At the
best, only a very minute proportion of it will be found in the air
of the bottle. But ozone is a substance possessing great chemical
power, and but little of it is needed in order to exhibit its cha-
racteristic properties.

If it be desired to prepare ozome by passing electric discharges
through air or oxygen, either of these gases may be sealed up in nar-
row glass tubes, through the centres of which are passed platinum
wires, welded tightly into the glass, as shown in Fig. 87, and a series
of sparks from an electrical machine is thrown through the gas in the
tube, during ten or twelve hours. If the experiment be continued
longer than this, nothing is gained ; for the sparks after this time appear
to destroy the ozone previously produced.

To avoid the difficulty last named, a slow current of oxygen may be
forced through a tube open at both ends, and electrical discharges may
be passed through the gas in its transit; a constant stream of ozonized
air will be thus obtained.

Instead of the sparks, the gas within the tube may besub- __
jected to silent discharges of electricity obtained by con- ¥ig- S7.
necting one of the platinum wires with the ground, the "
other with the prime conductor of an electrical machine,
and slowly turning the crank of the latter. By using a tube
baving wires near the top, as in Fig. 37, and closing the
lower end of the tube by immersing it in a bath filled with
an aqueous solution of iodide of potassium, so that the ozone
may be absorbed as fast as it is formed, it has been found
possible, by some experimenters, to transform and remove
all the original oxygen contained in the tube.

186. Ozone is produced not only during the slow oxidation of
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phosphorus, and by the action of electricity upon air or oxygen;
8 certain quantity of it appears to be produced also during other
processes of oxidation. It is readily formed, for example, during
the slow combustion of ether and of various other volatile liquids;
it can be at once produced by plunging a heated glass rod or iron
wire into a mixture of air and ether vapor.

Into a wide-mouthed bottle, a small quantity of ether is poured ; the
bottle is shaken for a moment, that the air within it may become
charged with the vapor of ether; the liquid ether, if any remain, is
then poured away, and a large glass rod, or thick iron wire, heated to
about 250°, is thrust into the bottle. The rod must not be too hot, lest
the ozone formed be reconverted into ordinary oxygen; if it be insuf-
ficiently heated no ozone is produced.

During the slow oxidation of oil of turpentine, oil of cinnamon, oil
of lemons, and others of the so-called essential oils, at the ordinary
temperature of the air a considerable quantity of ozone is produced.
This may be seen in oil of turpentine which has been kept for a long
time in half-filled bottles, exposed to'sunlight, and frequently opened
and shaken. The formation of ozone under these circumstances ex-
plains the familiar fact that the corks employed to close bottles con-
taining oil of turpentine and the analogous oils are soon bleached and
corroded. At the same time, antozone is also produced in large quan-
tity, as will be explained hereafter.

If quicksilver, to which a little water and a few drops of a solution
of indigo have been added, be shaken up violently in a large bottle full
of air, the indigo will soon be bleached as if by the action of ozone.

167. One of the best methods of preparing ozone is by treating
& compound known as permanganate of potassium with sulphuric
acid. It should be observed, however, that in this process, as in
all the others, the ozone obtained is mixed with common oxygen ;
no available method of isolating ozone in a condition of purity
has yet been made known,

A small quantity of concentrated sulphuric acid is placed in the
bottom of a bottle, and a quantity of pure, dry permanganate of potas-
sium, in fine powder, is added ; the proportion of acid to permanganate
should be three parts to two, by weight. A strong smell of ozone will
be at once perceived, and the pasty mass will continue to give off
ozone for a long time.

In this case it is conjectured that a portion of the oxygen of the per-
manganate of potassium, the empirical formula of which is K,Mn,0,,
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actually exists in the compound as ozone, and is given off as such when
the compound is decomposed.

168. As has been already mentioned, the chemical behavior of
ozone is analogous to that of chlorine; it bleaches and destroys
vegetable coloring-matters, and is a powerful disinfectant. Like
chlorine it instantly decomposes the iodides of the metals; upon
this property is based a ready method of testing for its presence.

Ezp. 76.—Into the bottle of ozonized air (Exp. 75), thrust a mois-
tened slip of the test-paper, saturated with starch and iodide of potas-
sinm, which was prepared in Exp. 71; the paper will instantly acquire
a deep blue tint. As in the case where the test-paper was employed
for detecting chlorine (Exp. 72), so here, the reaction depends upon
the displacemert of the chemically feeble iodine by the more powerful
e 2KI + 0 = K,0 + 2L
The ozone here acts as oxygen, in one sense; at all events the oxide
of potassium formed is not to be distinguished from oxide of potassium
prepared with common oxygen ; but this in nowise contradicts the fact
that ozone is an extraordinarily active and energetic variety of oxygen,
inasmuch as common oxygen will not effect this decomposition.

169. Ozone is an irritating, poisonous gas; air which is highly
charged with it is irrespirable, and produces effects on the human
subject similar to those produced by chlorine. Its odor, which
has been compared to that of weak chlorine, is so powerful that
it can be recognized in air containing only one millionth part of
the gas. Its oxidizing power is intense. 'When moisture is pre-
sent it oxidizes all the metals excepting gold, platinum, and the
platinum metals; even silver is oxidized by it at the ordinary
temperature, and becomes covered with a brown coating of per-
oxide of silver. It destroys many hydrogen compounds, such as
those of sulphur, phosphorus, and iodine, the hydrogen being
oxidized as well as the element with which the hydrogen is
associated ; iodohydric acid, for instance, is converted into water
and jodic acid. In the same way, free iodine is oxidized by
ozone, and if test-paper which has become blue by exposure to
ozone, as in Exp. 76, be left long in ozonized air, it will become
white from oxidation of the iodine. Ozone will even oxidize
nitrogen, at the ordinary temperature, when in contact with
water and such alkaline oxides as caustic soda, caustic potash,
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ic ime; thus, if lime-water (a solution of caustic lime in
be left exposed to ozonized air, a certain quantity of
f calcium will be fornied. Ammonia is oxidized by it also,
onverts nitrous and sulphurous into nitric and sulphuric

- salts of the metals are oxidized by it—for example, the
8 of iron and of manganese. A valuable test for the
3 of ozone is furnished by its behavior towards sulphate
anese. '
r7.—Dissolve a gramme or two of sulphate of manganese in
soak in this solution strips of thin white blotting-paper; dry
r, and preserve it in a bottle. If a slip of this paper be mois-
id then hung in ozonized air (Exp. 75), it will quickly become
om the formation upon it of black oxide of manganese.
te manner, most organic substances are quickly oxidized
©; when substances such as sawdust, garden-mould,
d charcoal, milk, or flesh are thrown into a bottle of
. air, the odor of ozone instantly disappears; corks and
uc tubes are attacked by it, and must not be used in
enting with the gas. It destroys the color of indigo, and
litmus without first reddening it. Some organic bodies,
other hand, become colored when exposed to its action ;
» cut surface of an apple becomes brown, and fresh sur-
certain mushrooms become blue. Gum guaiacum also
blue. Papers soaked in a dilute alcoholic solution of
dacum, indeed, are often employed as a test for ozone.
8.—Dissolve one part of gum guaiacum in thirty parts of
r cent. alcohol ; add a few drops of this solution to 2 c.c. of
eighty per cent. alcohol; dip in this dilute solution strips of
te blotting-paper, and dry them in the dark. By exposure
ed air this test-paper acquires a bright blue color.
By virtue of its strong oxidizing-power, ozone is of great
ice a8 a disinfecting agent. It destroys instantly a mul-
! offensive gases, such as arise from decaying animal and
e matter, and has been frequently recommended of late
stance well fitted for the purification of sick-rooms and
-wards. Where ozone is employed for purposes of disin-
it must be borne in mind that the action of the gas
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depends solely upon oxidation. A given quantity of ozome can
destroy only a certain definite amount of the offensive organic
matter; wherever these emanations are incessantly gencrated,
ozone must be as constantly produced in order to destroy them.
This disinfecting-power of ozone is interesting in connexion with
the observed facts, that ozono is abundant in the air of pine
forests, where turpentine abounds, and that pino forests are, as a
general rule, remarkably frce from malaria. The well-known
disinfecting-power of tar is supposed in like manner to be partly
due to the formation of ozonc during the oxidation of some of its
ingredients.

Coal-tar, mixed with plaster-of-Paris, coal-ashes, or dry earth, in
quantiy sufficient to destroy its stickiness, has been found to be a very
efficient disinfectant. The dry powder obtained as above, is simply
scattered freely about the offensive locality. ‘I'he coal-tar, of course,
evolves a slight odor, peculiar to itself, which tends to mask or conceal
other odors, and also acts as an antiseptic, or arrester of putrefaction;
but its chief merit does not appear to depend upon either of these pro-
perties; it seems really to destroy the gases which are evolved from
putrescent matter, and probably does so by generating ozone.

171. It is supposed that a minute proportion of ozcne exists
in normal atmospheric air: at all events, there is usually present
in air a substance which cxhibits the various reactions of ozone,
and behaves a8 ozone would if it were therc. This atmospherio
ozone, which is supposed to be formed in the processes of oxida-
tion which arc always going on in nature, varies in quantity with
the locality, the season of the year, the hour of the day, and many
other circumstances.

172. Ozone is seldom found in the air of thickly inhahited loca-
lities ; it often happens that it cannot be deteeted in the air of citics
at the very time when it is abundant in the neighboring country.
It is often found to be abundant on the windward side of a city,
and altogether ahsent from the air upon the leeward side, the in-
ferenee being that it is destroyed by the exhalations which ariso
from a dense population. Ozone appears to be more abundant
in the air in winter than in summer, in cloudy than in clear
weather, and by night than by day; it has been observed to be
specially abundant at times when detv was fulling heavily., As
might be expected, comparatively large quantities of it are found

L
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thunder-storms, and its odor has been recognized in the
rhood of objects struck by lightning. Ozone is abundant
mow-storms ; and it is probable that upon its presence de-
1e well-known bleaching-power of newly fallen snow.

rching for ozone in the air, test-paper containing iodide of po-
and starch, such as was prepared in Exp. 71, is usually em-
Dry slips of the prepared paper are exposed, during from six
y-four hours, to a free current of air, in a place well sheltered
1t and rain. By exposure the dry paper becomes brown, and
stted acquires shades of color varying from pinkish-white and
y to blue. The shade of color obtained in this way is then
d with a standard chromatic scale, which includes all the
ossible under the circumstances ; and the proportion of ozone
in the air is thus roughly estimated. -
ugh observations of this kind are far from possessing that
f accuracy and certainty which is desirable, they have never-
seen considered trustworthy by numerous observers, and have
ie to much speculation concerning the functions of atmospheric
nore particularly with regard to its probable influence upon
nd disease. If there be ozone in the atmosphere, it will, on the
1, oxidize and destroy many volatile organic substances which
osed to be prejudicial to health. Hence many physicians are
»n that the atmospheric ozone plays an important part in con-
or preventing epidemic diseases through its power of remo-
ectious matter from the air; and it has been noticed that with
nt of an ozone-bearing wind such diseases have abated or ceased.
the other hand, ozone is & highly irritating gas, and in the
of some physicians occasions many diseases of the respiratory
Numerous statements are upon record to the effect that epi-
»f catarrh, colds, sore throat, and influenza have been coinci-
‘h the beginning of a spell of ozoniferous wind.

Ozone is usually considered to be completely insoluble in
but it has been recently ascertained that water can take
1all quantity of it, and so acquire some of the properties of
When ozonized air is passed through a solution of caustic
caustic potash, a certain amount of ozone is absorbed at
srhaps by combination with some oxidizable impurity of
ition, but after a little time the ozone will pass through
t apparent alteration. Acids do not absorb ogone. It is
‘absorbed, however, by aqueous solutions of iodide of potas-
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sium and of pyrogallic acid, with the constituents of which it enters
into combinations not to be distinguished from those made with
oxygen.

174. At moderately high temperatures ozone loses its peculia~
rities and changes into ordinary oxygen ; if ozonized air, such as
was obtained in Exp. 75, is made to pass through a narrow glass
tube heated to 250°, its peculiar odor, and its power of decom-
posing iodide of potassium will entirely disappear. The same
change qecurs gradually if the tube is heated only to 100°,—or
instantly if steam be thrown into the ozomized air, so that the
whole of it can be heated at once to 100°; hence it may be stated,
in general terms, that ozone is converted into ordinary oxygen at
temperatures greater than 100°.

175. Ozone is supposed to exist as such in several of the oxides.
Black oxide of manganese, for example, is thought to contain it
a3 a constituent ; and a method of obtaining it from perman-
ganic acid has been already given, § 167. The oxygen com-
pounds which are supposed to contain ozone are called ozonides.
The formulee of the following compounds, recognized as ozonides,
are here given for the sake of reference:—

PbO, CrO, MnO, Co0,0, N,O,
Ag,0, MnO, Mn O, NiO, Bi,0,

176. Antozone (the opponent or opposite of ozone) appears
to be produced simultaneously with ozone whenever the latter is
formed, whether by electrical action or during processes of oxida-
tion. It may even be that, as some chemists believe, ordinary
oxygen is in a certain sense a compound substance, and that
when in contact with phosphorus, and in the other circumstances
under which ozone is produced, the neutral oxygen is split or de-
composed into two opposite and dissimilar modifications—we had
almost said elements—one of which is ozone, the other antozone.
It is thought that while the greater part of the ozone thus engen-
dered enters into combination with the phosphorus, or other
substance, undergoing oxidation, a certain portion of it, together
with some of the antozone, becomes mixed with the surrounding
air, and so escapes combining with the body which is being oxi-
dized.

Only a comparatively short time has elapsed since antozone

L2
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has been recognized as a distinct substance ; hence its properties
have been less thoroughly studied than those of ozone. Many of
its characteristics and properties are still involved in great ob-
scurity, very various and even conflicting statements having been
published concerning them.

177. Of the methods devised for preparing antozome, tho fol-
lowing deserve notice :—

By passing dry electrized air (§ 165) through a concentrated aque-
ous solution of iodide of potassium, or of pyrogallic acid, all the ozone
contained in the air will be at once absorbed, and the antozone left
behind, free from any admixture of ozone.

During the slow oxidation of oil of turpentine and other volatile or
esgential oils (§ 166), a considerable quantity of antozone is produced,
as well as of ozone. While most of the ozone at once combines with
the constituents of the oil, to form resins and other products of oxida-
tion, the antozone, which does not oxidize the oil, is dissolved by it.
In what state the antozone exists within the oil is still uncertain; but
it is, in any event, very loosely held, and is readily given up to other
substances.

In thesame way that ozone may be prepared, by chemical decompo-
sition, from permanganate of potassium, a compound supposed to con-
tain ozone (§ 1G7), antozone may be obtained by decomposing certain
compounds which are believed to contain this variety of oxygen—such,
for example, as peroxide of barium, BaO,. A little concentrated sul-
phuric acid is poured into a small bottle, and into this acid are throvn
a number of small fragments of peroxide of barium (free from any ad-
mixture of nitrate of barium) ; so soon as an evolution of gas ensues,
the air of the bottle will be found charged with antozone. This re-
action is sometimes capricious. Usually it occurs at the ordinary
temperature of the air; but it is often necessary to place the bottle in
8 water-bath heated to 50° or 60° in order to start the evolution of
gas; and, on the other hand, the violence of the reaction must some-
times be allayed by immersing the bottle in cold water.

In the preparation of ozone by means of phosphorus in moist air
(Exp. 76), or by the electrolysis of water (§ 35), the antozone which
is formed at the same time with the ozone, unites with the water
present, and must there be sought. (See § 181.)

Antozong has been found in nature in a dark-blue variety of fluor-
spar from Waélsendorf, in Bavaria. Upon being rubbed, this mineral
emits a peculiar odor, which was formerly thought to be that of chlo-
rine or of hypochlorous acid. More recent investigations have shown
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that the odor is that of antozone, and that by grinding the mineral
with water the antozone can be transferred to the water.

178. Antozone is a gas, the odor of which somewhat resembles
that of ozone ; there is, however, a decided difference between
the two odors, that of antozone being disgusting, while that of
ozone is merely pungent and irritating. Antozone changes at
once to ordinary oxygen on being heated. Even at the ordinary
temperature it reverts to common oxygen very readily—much
more readily than ozome. Most of the antozone usually disap-
pears from dry electrized air in the course of an hour, or an hour
and a half; and if the air be moist, the change is still more rapid.
Ozone, on the contrary, is comparatively permanent, under the
same conditions; and. although when a mixture of ozoncand anto-
zone is left in contact with water in a glass-stoppered bottle, some
ozone is destroyed during the reversion of the antozone, the
larger portion of it will remain almost, if not quite, unaltered
for months. Antozone, whether moist or dry, also reverts to the
condition of ordinary oxygen on being brought in contact with
black oxide of manganese, peroxide of lead, or finely divided
platinum, '

179. A very remarkable characteristic of antozone is its power
of forming fogs and clouds with water. It may even be found,
after the matter has been more thoroughly studied, that all the
fogs and clouds which occur in nature are dependent for their
existence upon the presence of antozone.

If air, charged with antozone, be made to bubble through water, it
will emerge from the water in the form of a thick white mist, similar
to that formed by the cooling of steam. The same thing occurs when
electrized air, or electrized oxygen, issues into a moist atmosphere,
though the effect is less marked when ozone is present than when it
bas been removed by means of iodide of potassium. The mist pro-
duced by slowly passing antozonized air through water is heavy; it
rewains hanging over the swiface of tho liquid, and may be readily
poured from one vessel to another. Dy conducting it through a tube
to the bottom of a dry, ta'l bottle, it displaces the air, all the whils
preserving a sharply defined boundary ; by gentle agitation it is easily
broken up into cloud-like massea,

When & large, dry bottle is nenrly filled with this antozone mist,
then closed and left to itself, the mist gradually becomes thinner and
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que, and in the course of half or three-quarters of an hour
s altogether. As the cloud thus disappears, water is deposited
e sides of the bottle, at first a3 a mere dew, but afterwards
ating in droplets, which finally flow together to the bottom of
el. When the air in the bottle has become clear, no antozone
etected in it.
18 appears that antozone has the property of taking up water
a manner that the water assumes the peculiar physical condi-
a cloud or mist. While the antozone lasts the cloud is per-
; but the antozone is soon transformed into ordinary oxygen,
‘ast as this change occurs the water of the cloud is deposited
ets.
wsing the antozone mist through tubes filled with desiccating
ses, such as chloride of calcium (Appendix, § 15), the water
removed, and transparent antozonized air obtained, capable of
'oducing a mist on being broughtin contact with water. Many
aline solutions likewise deprive antozone of water; hence the
rearance of the cloud when electrized air is passed through a
iolution of iodide of potassium; the cloud does appear, how-
1en the solution is sufficiently dilute.
8 been proved by experiment that electrized air can sup-
carry nearly twice as much moisture as ordinary air or
at the same temperature, and that this air is much more
i to dry than the gases with which chemists usually have
This explains how it happened that, before the disco-
the cloud-forming property of antozone, so many obser-
d been led to consider ozone an oxide of hydrogen. One
aenter would pass recently electrized air through an ordi-
rying-tube, such as long experience had shown to be
of drying common air perfectly, and would then heat the
1y this treatment both the ozone and the antozone would
1ged to ordinary oxygen, and the water which had been
through the drying-tube by the antozone would be made
The remarkable capacity of antozone for moisture being
vn, the water thus obtained was naturally enough supposed
1 been derived from some compound of hydrogen and oxy-
ter than water, and capable of passing unabsorbed through
ing-tube. Other chemists, performing, as they supposed,
ae experiment, but in reality operating upon air less recently
ied, and so containing no antozone, were, of course, unable




ANTOZONE FORMED DURING COMBUSTION. 151

fo obtain any water at the point where it had been observed by
their predecessors ; hence arose a series of controversies which
have only recently been composed.

180. As has been already mentioned, antozone, like ozone, is
formed in all processos of oxidation and combustion. During
combustion most of the ozone produced enters into combination
with the substance burned, while the antozone is left free, or
eoters into combination with water to form peroxide of hydrogen.
When the combustion is slow or smouldering, antozone appears
in large quantities, and in presence of moisture forms the cha-
racteristic mist or cloud. Tobacco-smoke, the gray smoke of
chimneys and of gunpowder, and all such smokes are antozone
clouds,—facts which support the idea that all clouds, fogs, and
mists are caused by the presence of antozone in the atmosphere.

The oxidation of phosphorus affords a rendy method of exhibiting
the antozone cloud. During the oxidation of phosphorus in moist air,
white fumes are formed, which were long a great puzzle to chemists.
Whether the phosphorus be allowed to oxidize slowly, as in Exp. 75,
orburned rapidly, as in Exp. 18, there is always produced a white mist
of very considerable permanence, which remains long after the oxides
of phosphorus, which are also formed, have been taken up and removed
by the water, This mist is the antozone cloud; it is nothing but water
held suspended by antozone.

In the rapid combustion of phosphorus, little or no ozone is left free;
all of it seems to unite directly with the phosphorus; but much mozre
antozone is produced when the combustion is rapid then when it is
slow. The formation of antozone in this connexion explains the fact
already alluded to (Exp. 13), that phosphorus burning with flame, in
a confined volume of air, does not wholly exhaust the latter of oxygen.
The phosphorus cannot combine with antozone, but only with ozone ;
hence, when no oxygen other than that in the form of antozone re-
maing, the combustion must cease.

During the burning of a jet of hydrogen under a bell-glass through
which a stream of air is drawn, antozone is formed, as is proved by
pessing the issuing stream through water; the antozone cloud is pro-
duced without difficulty, and peroxide of hydrogen appears as a pro-
duct. The formation of the antozone mist, and of peroxide of hydro-
gen, may be observed with any other flame if care be taken that the
eir which streams over the flame be not too strongly heated. A high
temperature destroys the antozone as fast as it is formed.
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ssides its power of forming clouds or mists with water,
ateresting rather as a physical than as a chemical fact,
particularly when newly formed, also unites with water
, the substance called peroxide of hydrogen (see § 61),
1position is. expressed by the formula H,0,, being the
he combination.

y method of exhibiting the formation of peroxide of hydro-
action of antozone upon water, is to place a short, narrow
uining concentrated sulphuric acid, within a bottle 2 or 3
1th, furnished with a ground-glass stopper, and filled with
ly to the top of the tube. Small portions of peroxide of
now added, at intervals, to the sulphuric acid in the tube,
f temperature being avoided as far as possible ; the stopper
‘eplaced in the bottle after each addition of the peroxide.
2 oxygen evolved in this process appears, however, to be 1n
'y inactive state, and the solution of peroxide of hydrogen
consequently extremely dilute. A better method of pro-
> pass a current of carbonic acid gas into & mixture of water
le of barium,

BaO, + H,0 4+ CO, = Ba0O,CO, + H,0,.
iy a highly concentrated solution of the peroxide can be

easy method of preparing peroxide of hydrogen is by the
f amalgams of lead or zinc. In this case also, as in the
the peroxide of hydrogen is probably formed by the union
y with water.

dred grammes of lead-amalgam, containing so much mer-
t shall be fluid at the ordinary temperature, is shaken in 8
1e capacity of a litre, together with 200 c. c. of water, aci-
th 2 grms. of sulphuric acid ; the water soon becomes milky
ation of sulphate of lead, and in the course of ten or twelve
ntains enough peroxide of hydrogen to exhibit the charac-
ctions of this substance.

if pulverulent zinc-amalgam be loosely thrown into a glass
h narrow throat, and a thin stream of water be allowed to
gh it in such manner that the metal may be at the same
upon by both air and water, the water will become charged
tide of hydrogen. By repeatedly pouring back the dilute
the peroxide upon the amalgam, it can be very considerably
:d. In order to prepare the zinc-amalgam, equal weights of
and of mercury are placed in a beaker glass, covered with
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water acidulated with salphuric or chlorhydric acid, and thoroughly
mixed by stirring with a glass rod ; the acid is then poured away, and
the last portions of it removed from the amalgam by washing with
water.

This power of antogone to oxidize water distinguishes it com-
pletely from ozone, which has little or no action upon water.

182. Peroxide of hydrogen, like peroxide of barium, is supposed
to contain one atom of oxygen in the form of antozone ; the per-
oxides of potassium, sodium, and strontium also are placed in the
same category. They are all called antozonides.

184. Antozone can be distinguished from ozone by the follow-
ing tests :—

Strips of paper, charged with a solution of sulphate of manganese
(Zxp. 77), do not become brown when exposed to the action of ant-
ozone; on the contrary, manganese papers which have been browned
by ozone are bleached by antozone. Guaiacum paper (Exp. 78) does
not become blue in antozonized air. The yellow compound called
ferrocyanide of potassium, which is converted into red ferricyanide of
potassium by the action of ozone, is not changed by antozone. In the
absence of acids, antozone has no action upon iodide of potassium.

The chemical behavior of antozone may be conveniently studied by
resorting to its compound with water, the antozonide peroxide of hy-
drogen. If peroxide of hydrogen be brought in contact with an ozonide
like peroxide of lead, for example, both of the peroxides will be re-
duced, and there will result water, protoxide of lead, and free ordinary
oxygen. Whenever an antozonide is mixed with an ozonide, a similar
reaction occurs; the two active varicties of oxygen disappear, and
common oxygen is evolved ; hence it has been assumed that ordinary
inactive oxygen is a sort of compound, resulting from the union or
neutralization of ozone with antozone. Several important tests for
sntozone are dependent upon this fact of the decomposition of ant-
ozonides by ozonides.

If a liquid suspected to contain peroxide of hydrogen be shaken in a
test-tnbe with a small quantity of ether, the ether will dissolve the
peroxide, and will finally collect upon the surface of the liquid; on
adding to it a small drop of a solution of the ozonide chromic acid, or,
what comes to the same thing, a drop of a solution of bichromate of
potassium acidulated with sulphuric acid, the ethereal solution will
become blue.

If a liquid containing peroxide of hydrogen be added to a dilute red
solution of permanganate of potassium, this solution will be decolorized,
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nmon oxygen will be evolved ; and in the same way the brown
of lead and the red-colored salts of peroxide of iron are
by it.
eryexceedingly delicate and characteristic test for antozone, or
r peroxide of hydrogen, the rationale of which has not yet
1 made out, is the following :—If to a solution containing per-
hydrogen there are added a few drops of dilute starch-paste
with iodide of potassium, and subsequently a very small
of a solution of copperas (protosulphate of iron), iodine will
se,and the starch will become blue. The solution to be tested
a8 nearly neutral as possible. The addition of an acid, instead
opperas solution, will also bring about the same reaction,
ess readily.
‘We have thus set forth whatever is best known concern-
e and antozone, in spite of the details into which so full
sition has necessarily descended, partly because the sub-
. evidently be one of primary importance, both theoretical
ctical, in the near future, and partly from a desire to
e student how vague and uncertain the prospect is when
e narrow limits of established knowledge are past and
lirer ventures out into the obscurity which perpetually
8 the knowledge of to-day from that which shall be
lge to-morrow, but also because of the impossibility,
obscure a subject, of making such & just discrimination
. salient and unimportant points as with a well-studied
i8 both easy and desirable.

CHAPTER XIIL

SULPHTUR.

Sulphur occurs somewhat abundantly in nature, both in
state and in combination with other elements. Many
metals, for example, are sulphur compounds. It is s
mt of several abundant salts, such as the sulphates of
, barium, and sodium, and occurs in small proportion in
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many animal and vegetable substances. ' Free sulphur is found
chiefly in volcanic districts. Generally it occurs mixed with
earthy matters ; but it often forms distinet veins, and is sometimes
found in the shape of well-defined crystals of considerable size.
At the present time about nine-tenths of the sulphur of commerce
comes from Sicily.

186. Native sulphur is usually subjected to a rough purifica-
tion at the place of its occurrence. This purification is some-
times effected by distilling the volcanic earth in retorts or jars
of earthenware ; the gulphur being volatile, distils over, and is
collected in receivers, from which it is drawn off, from time to
time, in the liquid state; or if the earth be very rich in sulphur,
it is simply heated in large kettles and the melted sulphur dipped
off from above, while the earthy impurities settle to the bottom
of the kettle. The product thus obtained is known as crude sul-
pbur; it comes to us in irregular lumps of a dirty light-yellow
color, and is largely employed for manufacturing-purposes.

This crude sulphur is contaminated with more or less earthy
matter. In order to purify it, it is distilled from iron retorts into
large chambers constructed of masonry, in which it is deposited
either in the form of a light powder, known as flowers of sul-
phur, or in a liquid state, according to circumstances. At the
beginning of the operation, while the chamber is cold, the sul-
phar vapor condenses as an exceedingly fine, soft, powder (flowers
of sulphur) upon the walls of the chamber. But heat is given off
a8 the sulphur vapor condenses, and after a while the walls of
the chamber become so hot that sulphur will melt upon them.
After this, the incoming sulphur vapor of course condenses only
to the liquid state, and a layer.of liquid sulpbur collects upon
the floor of the chamber. This liquid sulphur is drawn off into
wooden moulds, and thus cast into the sticks familiarly known as
roll-brimstone. It is evident that, by a little management, the
sulphur-refiner can obtain, at will, either flowers of sulphur or
roll-brimstone, or first the one and then the other.

187. At the ordinary temperature of the air, sulphur is a
brittle solid, of a peculiar light-yellow color. It has neither
taste nor smell, excepting that when rubbed it exhales a faint
and peculiar odor. Most of the odors which in everyday life are
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ulphur are really the odors of various compounds of
are not evolved by the element itself. It isa bad
"heat and electricity. On being rubbed it becomes
tively) electric, and is still employed as a sourze of
some cases. The symbol of sulphur is §; its atomic
, being precisely twice as great as the atomic weight

hur melts easily at about 112°, a temperature not
ve that at which water boils. A fragment of it may
‘ed by heating it on writing-paper over the flame of
t volatilizes freely at temperatures lower than its
t, and boils at 440°. Indced, as is the case with
. substance which can be brought into either of the
of matter without any difficulty ; we can have it as a
d, or a gas as we please. It can readily be obtained
rm of crystals, )

[n a small beaker glass, or porcelain capsule, heat slowly
.. of sulphur until it has entirely melted. Remove the
1e lamp, and allow it to cool slowly until about a quarter
Iphur has solidified ; then pour off; into a basin of water,
of the sulphur which is still liquid, breaking through, for
the crust at the top of the liquid, if any such have formed.
of the vessel will be found to be lined with transparent,
stals,

In a test-tube, melt enough sulphur to fill one-quarter of
ce the tube in such a position that its contents may cool
iietly, and then watch the formation of crystals as they
m the comparatively cold walls of the tube towards the
liquid.

'epresents one general method of obtaining crystals.
many of the metals, lead and bismuth for example,
ined by operating in this way; it is only neccssary
+ metal in a crucible of some refractory material,
furnace. The melted metal having then been allowed
a tolerably firm crust has formed upon its surface,
i pierced with an iron rod, and the crucible quickly
that the portion of the metal which stili remains
- interior shall flow out. Upon afterwards breaking
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the crucible, crystals will be found lining the cavity of the metallic
cup which has been formed within it.

189. Exp. 80, besides illustrating the manner in which crys-
tals form, tcaches us something of the physical structure of solid
bodies. The solid mass of sulphur which is left in the test-tube
when it has hecome cold, is evidently nothing more than a com-
pact bundle of interlaced crystals. If the mass be removed from
the tube, and then broken across, it will present a glistening
appearance, owing to the reflection of light from the surfaces of
the minute crystals of which it is composed. It is said to have
acrystalline structure. This crystalline structure is apt to render
8 body brittlo; substances which possess it are liable to break
“with the grain,” or to split in certain directions determined by
the shape of the erystals, and called lines of cleavage; a stick of
roll-brimstone, for example, may be readily broken or cut across,
but not so easily in the direction of its length. The same remurk
applies to many samples of metal. In all cases where tenacity is
required, it is important to counteract, or to prevent as much as
possible, the tendency towards crystallization. Thus, in manu-
facturing wrought iron, it is the constant endeavor of the work-
man to render the metal stringy or fibrous, and not crystalline,
and he seeks to accomplish this by appropriate processes of
kneading, squeezing, and rolling.

190. Another easy way to crystallize sulphur is by the method
of solution and evaporation, such as was employed in the pre-
paration of nitrate of ammonium (Exp. 33). Sulphur is not
soluble in water, but it dissolves readily in a liquid compound of
sulphur and carbon, known as bisulphide of carbon, which being
readily volatile, quickly escapes, on exposure to the air, and so
deposits the sulphur.

Lzp. 81.—Place in a test-tube a small teaspoonful of flowers of
sulphur, pour upon the sulphur 10 or 12 c. c. of bisulphide of carbon,
close the tube with a cork, and allow the mixture to stand during half
8n hour, shaking it occmnona]ly Decant the clear liquid from the
sulphur which still remains undissolved, and pour it into a small porce-
lain capsule, which place out of doors, or in a draught of air, until the
highly offensive bisulphide of carbon has all evaporated. Crystals of .
sulphur will then be found at the bottom of the dish.

This experiment might be modified by preparing, in the first place, s
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tion of sulphur in boiling bisulphide of carbon, and then
2lear solution to cool slowly. Crystals of sulphur would
\d beneath the cold liquid. The method by evaporation,
ribed, is to be preferred.

noticed that the crystals of Exp. 81 are not shaped
btained by the method of fusion in Exp. 79. The
rystals belong in fact to entirely different systems of
n.

researches of crystallographers have proved that the
natural minerals and artificial chemical substance:
ncluded in six general classes of form, called system
ation. In every crystal, certain directions may b
with reference to which the bounding planes of th
bit a more or less symmetrical arrangement. Thes
spresented by straight lines drawn through the centr
al, are called axes. The thousands of crystal-form
*in nature, or are produced by art, have been divide
tems, or groups, by observation of the number, rela
and mutual inclination of the axes around which the
rically formed. These six systems are defined :

etric (single-measure) or Regular System.—The axes a
nber, equal in length, and intersect each other at rig
3> cube, regular octahedron, and rhombic dodecahedro
fect symmetry, belong to this system.
ric (two-measure) System.—The axes are three in numbe
t each other at right angles; but one, called the vertic:
ger or shorter than the two lateral, which are equal. T
prism and square octahedron are of this system.
etric (three-measure) System.—The axes are three in nur
| in length and intersect each other at right angles. T
ides the right rectangular prism, the right rhombic pris
nbic octahedron,
iclinic (single-inclination) System.—The axes are three
| unequal in length ; and one, called the vertical, is at rig
one of the other two axes, which are called lateral,
iclined to the other; the two lateral axes intersect ea
tht angles. The right rhomboidal and oblique rhoml
ag to this system.
nic (three-inclination) System.—The axes are three in nu
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ber, unequal in length, and all their intersections are oblique. The
oblique rhomboidal prism is of this system.

V1. Hezagonal System.—The axes are four in number; three, called
lateral, lie in one plane, are equal in length, and intersect each other
at angles of 60°; the fourth axis, called vertical, is either longer or
shorter than the other three, and crosses them at right angles. This
system includes the hexagonal prism and the rhombohedron.

Under these systems of crystallization, the variety of possible forms
and dimensions is unlimited. Thus, in systems in which the axes are
unequal, the inequality may be great or small, through all degrees of
discrepancy ; in oblique systems the inclination of the axes may vary
indefinitely ; rhombohedrons may occur of every angle. Thus the ac-
tual forms of crystallography become exceedingly numerous, although
they all belong to a few simple types.

If the studernt draws in perspective, upon paper, the axes of the
several systems above described, or, better, constructs the different sets
of axes out of bits of wood or wire, he will appreciate the fact that
forms belonging to different systems are ordinarily so unlike in general
sppearance as to be readily distinguishable even by those who have no
exact kmowledge of the mathematical science of crystallography.

192. As a general rule, a substance crystallizes in forms be-
longing to only one system, and the crystalline form aof a sub-
stance is something so constant and characteristic as to be one of
the chemist’s most valued means of recognition and definition.
But this general rule is not without exceptions. Sulphur, as has
just been proved, may be made to crystallize in forms belonging
to two distinct systems of crystallization; and there are other
substances, not a few, which when crystallized under different
Fig. 38. conditions, assume forms of two distinct systems.
N Substances which are thus capable of assuming crys-
"‘._‘.\ talline forms belonging to two different systems are

.|7) said to be dimorphous (two-formed). Two such dif-
i ferent forms of the same substance often Fig. 39.
i| | have quite dissimilar physical properties;

; they are apt to differ from each other in

i| | hardness, specific gravity, color, optical pro-

i perties, and in their relation to heat; the

chemical properties, also, of two such dif- "’
ferent forms are seldom entirely the same,

The crystals of sulphur obtained by fusion (Exp. 79) are
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ne rhombic prisms (Fig. 38), and belong to the
sclinic) system. The crystals of sulphur whicl
1 its solution in bisulphide of carbon (Exp. 81
tahedrons (Fig. 39), belonging to the trimetri
ccific gravity of the octahedral crystals is greate!
: prismatic in the ratio of 2:07 : 1-91. The spe
e cctahedral crystals is 0-163, and that of th
vhat greater. The melting-point of the prismati
5 1200,

¢ crystals of sulphur (Exp. 79) cannot be kep
ngth of time. They soon lose their transparenc;
ic amber color, becoming opaque and light yellow
imstone. If they be examined under the micro
¢ seen that the prisms are now composed of
tle octahedral crystals. The change of color an
o a rearrangement of the particles of the origina
. the aggregation of octahedrons which have bec
he prismatic crystal still retains the shape of th
prismatic crystals be left at rest, this change
gins in the course of a few hours; but it may b
ted by scratching the crystals, or shaking ther
cr ordinary circumstances the passage of the sul
one molecular state to the other goes on ver
years being often required for its completion ; bu
i be accomplished immediately by moistening th
als with bisulphide of carbon. A considerabl
t is developed as the prismatic sulphur change
; this can readily be appreciated when the con
cd by means of bisulphide of carbon.

way that prismatic sulphur slowly changes int
variety at the ordinary temperature, octahedr:
lually converted into prismatic sulphur when ke
2 at a temperature near its melting-point. Th
fic gravity enables us to follow the progress of th

th has been melted and allowed to solidify gra
s in the prismatic condition immediately after tb
Roll-brimstone, for example, when fresh from th
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moulds, is translucent, and of a dark amber or brownish-yellow
color, like the prismatic crystals of Exp. 79; but in a shbrt time,
often in the course of a few hours, the sticks become light-yellow
and opaque, as we find them in commerce, and are then com-
posed, at least externally, of a mass of octahedral crystals.

193. There is still a third way of obtaining crystals of sulphur,
nsmely, by sublimation. At slightly elevated temperatures, sul-
phur is volatile; and if the circumstances be such that the vapor
shall condense very slowly, crystals will form. The natural
erystals of sulphur found in volcanid countries, which are often
very large and of great beauty, have been formed in this way.
These native crystals are octahedral, like those obtained by means
of bisulphide of carbon (see Exp. 81).

194. As appears from the foregoing, there are three distinct
methods of obtaining crystals:—I. By fusion; that is to say, by
the slow colling of molten matter. II. By solution, followed
cither by removal of the solvent by evaporation or chemical means,
or by reduction of its temperature. III. By sublimation.

A familiar instance of the first method is seen in the case of
ice, a8 when a part of the water in any hollow vessel freezes
slowly upon the sides of the vessel; of the second, in the manu-
facture of common salt; and of the third, in the formation of
frost upon & window-pane.

There is still a fourth general method of obtaining crystals,
which consists in very slowly decomposing some chemical com-
pound of the substance to be crystallized, either by the addition
of some other chemical agent, or by means of the galvanic cur-
rent. Crystals of sulphur may be formed in this way, and are
in fact sometimes found in the pipes used to convey illuminating
gas through the streets of cities, under such circumstances that
it is evident that they have resulted from the decomposition of
some one of the sulphur compounds with which coal-gas is always
contaminated.

It must not be inferred, from the above enumeration of the
ordinary methods of obtaining crystals, that either fusion, solu-
tion, or sublimation is a necessary condition of the formation
of crystals. Both in nature and in art examples occur of the
crystalline arrangement of particles within solid masses, under

x
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circumstances which preclude the idea that either fasion, sc
tion, or sublimation, in the ordinary sense of these terms, sh
have occurred. .

195. Sulphur behaves in a very remarkable manner on be
heated. When melted at the lowest possible temperature, 1
to 115° it forms a limpid liquid of a light-yellow color; bu
this liquid be heated more strongly, it begins to become vi
and dark-colored at about 150°, and at 170° to 200° it is aln
black, and at the same time so thick and tenacious that it can
be poured from the vessel which holds it, even if the vessel
inverted. At 330° to 340° it regains its fluidity in part, tho
the liquid is still dark-colored, and finally, at about 44Q°, it
gins to boil, and is converted into an amber-colored vapor.
specific gravity of sulphur vapor, referred to hydrogen, is 32.

196. If melted sulphur, in the viscid state, or, better, f
which has regained its mobility, be suddenly cooleB, a semis
modification of sulphur, remarkably different from the ordin
form, will be obtained.

Ezp. 82.—Place in a test-tube, of about 30 c. c. capacity, 15 t
grms. of coarsely powdered sulphur; melt the sulphur slowly over
gas-lamp, and continue to heat it until it begins to boil, noting, me
while, the changes which the sulphur undergoes—as described in §
Finally pour the hot sulphur, in a fine stream, into a large dish ful
cold water. There will be obtained & soft, elastic, reddish-brown m
which can be kneaded and moulded like wax, and drawn out |
threads like caoutchouc.

This soft sulphur cannot be preserved for any great length
time. When left to itself, at the ordinary temperature of
air, it slowly hurdens and changes into ordinary brittle yel
sulphur. This change is accelerated by kneading, and is inst
taneous at the temperature of 100°. In any event, a cert
amount of heat is evolved as the soft sulphur changes into o
nary sulphur. The specific gravity of soft sulphur is somew
lower than that of the prismatic crystals.

From the foregoing facts it appears that sulphur, like oxyg
is capable of assuming different allotropic states. (See § 162.

197. In its behavior towards solvents, sulphur presents s
curious anomalies. Some specimens of sulphur are freely solt

L

s ¥y
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in bisulphide of carbon, while of other samples only a compara-
tively small portion dissolves. We distinguish, therefore, a soluble
and an insoluble modification of sulphur.

Octahedral sulphur, the brigﬂt-yellow, translucent, native crys-
tals for example, is completely soluble in bisulphide of carbon.
But of the soft, elastic sulphur, such as was prepared in Exp. 82,
as much as 30 or 40 per cent. is completely insoluble in the
bisulphide, whether this liquid be hot or cold.

No method has as yet been discovered of preparing pure in-
soluble sulphur directly; but it can always be readily obtained
by dissolving out the soluble sulphur from a mixture of the two
varieties, such as the soft sulphur above mentioned. Flowers of
sulphur contain a considerable portion of insoluble sulphur ; roll-
brimstone much less, though the interior of the sticks contains
decidedly more than the outside portions. It may be observed,
in this connexion, that flowers of sulphur are prepared by sud-
denly cooling the vapor of sulphur, while the soft variety is
obtained by suddenly cooling melted sulphur.

Insoluble sulphur undergoes no change at the ordinary tem-
perature ; but if it be kept for a long time at 100°, or if it be
exposed to the vapor of water or alcohol, it is slowly converted
into the soluble variety.

198. For some pharmaceutical purposes, sulphur is prepared as
8 powder finer even than flowers of sulphur. This preparation is
known as milk of sulphur or precipitated sulphur.

Ezp. 83.—Place in a small flask as much flowers of sulphur as can
be taken up on the point of a penknife; pour into the flask 10 or 16
c.c of a solution of caustic soda, and boil the mixture for some time.
Part of the sulphur will dissolve and color the liquid yellowish brown.

Pour off the clear liquid from the undissolved sulphur, mix it with
an equal volume of water and stir in dilute chlorhydric acid, added by
emell portions, until a drop of the mixture placed upon litmus paper
exhibits an acid reaction. As the acid is added, the liquid assumes a
milky appearance from the separation of sulphur in the form of an
exceedingly fine powder. This powder is so light that, for a long
while, it will not subside, but remains suspended in the liquor, im-
parting to it a milky appearance.

Collect the powder on a emall filter, wash it with water, and dry it
at a gentle heat. It will now appear as a pale yellowish-grey impal-

x2 :
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If it be heated more strongly, so that it melts,
ome distinctly yellow, the numberless small particle:
:ing now compacted into a single mass.

+ remarked that the color of flowers of sulphu
that of roll-brimstone, while the color of the p
shur is far lighter than that of the flowers. 8
3 these are common ; they depend upon a differe
il condition, upon differences in the state of agg
particles of the substances which exhibit them.
id of pulverization by precipitation, employed in |
is a general method, applicable to many other s

es sulphur.

hur unites energetically with most of the other e
union being, in many cases, attended with evolut
[ost of the metals, for example, combine witk
as they do with oxygen.

Melt in an ignitian-tube, 12 to 16 Fig. 40

: & grms. of sulphur, and heat the

boils; then throw in small por-

er filings, or fine turnings, and

olent action which ensues.

f very thin sheet copper or a coil =
‘-wire may be suspended in the

7apor, in the upper part of the

i it will glow vividly as it unites

sous sulphur, much in the same

ere burning in oxygen gas. The

y reaction, in either case, is called

pper.

Mix intimately 4 grms. of flowers

| 7 grms. of the finest iron-filings. Place the mixture
tbe 10 to 12 c.m. lonﬁ and heat the upper part of
gas-lamp. In a short time the mass will begin to gl
ir and iron enter into chemical combination, and t
of itself, pass through the entire length of the tu
mp be withdrawn. The final product of the reactior
of iron.

as been already shown (§§ 2, 109), phenomena
such as are exhibited in these experiments, :
able to chemical union. They are strictly analog
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to the ordinary processes of combustion in which oxygen is
involved, though the technical term, combustion, is by custom
limited to the act of combination with oxygen.

Sulphur combines with chlorine, bromine, iodine, and phos-
phorus at the ordinary temperature, and with carbon at a red
heat. With oxygen it unites readily al a comparatively low
temperature. When heated in the air, it takes fire at about
250°, and burns with a peculiar blue light. This easy inflam-
mability may be readily illustrated by blowing flowers of sulphur
into the hot air issuing from the chimney of an Argand gas-lamp;
the sulphur takes fire at a considerable height above the flame.
The irritating, suffocating gas, which is produced by the union of
slphur and oxygen, will be shortly described under the name of
sulphurous acid.

Several important practical applications of sulphur depend upon
this property of igniting and continuing to burn at a moderate
heat. It is, in fact, largely employed as a kindling material.
By means of it, other bodies less readily combustible, can be
heated to the temperature at which they continue to burn.
Hence its use upon matches and in gunpowder and fireworks.

201. In its chemical properties, sulphur is closely allied to
oxygen; like oxygen, it forms a great variety of compounds
with a wide range of different elements; and the senes of com-
pounds thus obteined is in many respects parallel with, or com-
parable to, the series of oxygen compounds.

It is an important raw material in the chemical arts, being an
ingredient of numerous useful compounds, such as cinnabar, ultra-
marine, valeanized caoutchouc, bisulphide of carbou, chloride of
sulphur, and the various compounds of sulphar and oxygen, one
of which, sulphuric acid, is the most important chemical agent at
present employed in manufacturing industry. Sulphur is largely
employed in medicine, in the treatment of cutaneous diseases of
both men and domesticated animals, and has been of late years
extensively used in the vineyards of Europe for destroying a
parasitic fungus which infests the vines.

202. Sulphydric Acid (H,8).—When sulphur is sublimed in
hydrogen gas, or when hydrogen is passed over melted sulphur,
combination takes place between the two elements, though very
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id imperfectly, so that only a comparatively small quan.
he compound is obtained, even if the process be con-
r & long time. Somewhat larger quantities of it ar
'hen a mixture of hydrogen gas and sulphur-vapor i
wrough a tube filled with fragments of pumice-stone
» about 500°,

the two elements meet in the nascent state, they com.
dily; thus, when organic bodies containing sulphw
and when they are subjected to destructive distillation
ic acid is evolved, just as ammonia is under the sam
ances. In either event, the product of the union is ¢
gas of highly offensive odor, like that of rotten eggs.
sier method of preparing sulphydric acid, or sulphuretta
|, a8 it is often called, is by acting upon a compound o
and iron with dilute chlorhydric acid.

8.—In a gas-bottle (Fig. 41) put 10 or 12 grms. of protosul
iron, see Exp. 85; re-

cork in the bottle and Fig- 41
y the gas-delivery-tube
her small bottle contain-
water, letting the tube
8 c.m. beneath the sur-
10 water. Through the
ibe, pour into the gas-
iter enough to seal the
ttremity of this tube;
1, through the thistle-
before, 2 or 3 teaspoon-
uriatic acid, and observe
bles of gas sdon begin to
yugh the water in the absorption bottle.

ydric acid is soluble in water to a considerable extent, and
ntly taken up by the water in the absorption bottle. Tb
thus obtained, known as sulphuretted hydrogen-water, '
iployed as a reagent in chemical laboratories; it will serve t
. convenient source of sulphydric acid.

the disengagement of gas slackens, a new portion of muriat
rbe added through the thistle-tube, and this process continue
+ water in the absorption bottle smells strongly of the gas.
xperiment should be performed out of doors, or in a draug!
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of air s0 arranged that those portions of the gas which escape solution
shall be carried away from the operator.

203. The reaction between the sulphide of iron and chlor-
hydric acid in the foregoing experiment is somewhat analogous
to that which occurs in the preparation of hydrogen, § 50. If
metallic iron (or zinc) be treated with chlorhydric acid, hydrogen
is evolved, according to the equation

Fo + 2HCl = FeCl, 4 2H.

But if, instead of simple iron, sulphide of iron, whose formula
is FeS, be taken, sulphur will be eliminated, as well as hydrogen,
by the action ot the acid, and these elements, as they come to-
gether in the nascent state, will unite to form sulphydric acid.

FeS + 2HCl = FeCl, + HS.

Instead of absorbing the gas evolved in the foregoing experi-
ments in water, it might be collected as such, over a basin hold-
ing but a small quantity of water, or, better, filled with warm
water or with brine, either of which absorbs less of the gas than
cold water. Unless absolutely dry, the gas cannot be collected
over mercury, since, when moist, it acts upon this metal.

204. At the ordinary temperature and pressure, sulphydrio
acid is a gas somewhat heavier than air, its specific gravity being
17, referred to hydrogen; but nnder a pressure of about 156
atmospheres at 11°, it be-
comes liquid. The specifi
gravity of this liquid re-
ferred to water is 0°9. At
—85° the liquid solidifies
toawhite crystalline mass.

205. Since the sulphide
of iron, employed in the
preparation of sulphydric
acid, is usually mixed with
a certain quantity of me-
tallic iron, the gas is liable
to be contaminated with
free hydrogen. Forall or-

dinary purposes, the gas
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thus mixed with hydrogen serves as well as if it were pure; but
in some cases a gas free from hydrogen is required. In order to
prepare it, sulphide of antimony is substituted for the sulphide
of iron.

1 part of powdered sulphide of antimony placed in a thin-bottomed
flask is treated with 3 or 4 parts of chlorhydric acid of 1-1 sp. gr. and
the mixture gently heated. The apparatus may be arranged as in
Fig. 42, in which the bottle into which the gas first enters contains a
very small quantity of water ; this water serves to remove any particles
of the acid or of solid matter which may have been carried over in the
current of gas. In case a dry gas be needed, & chloride-of-calcium
tube (see Appendix, § 15) must be interposed between the wash-bottle
and the mercury-trough.

206. The volumetric composition of sulphydric acid gas is one
volume of sulphur-vapor and two volumes of hydrogen, condensed
to two volumes. Its molecule, therefore, contains one atom of
sulphur and two atoms of hydrogen, and is strictly analogous to
the molecule of water.

The composition of sulphydnc acid may be determined experi-
mentally by heating metallic tin in a confined volume-of the gas. An
ignition-tube 20 or 30 c.m. long, bent at an obtuse angle, within 5 to
6 c.m. of the closed extremity, as shown in Fig. 43, should be com-
pletely filled with dry sulphydric acid gas over the mercury-trough
and then closed with the thumb and inverted.

Some granulated tin should be dropped into Fig. 43.

the tube and made to lodge in the bent part,
fhe thumb being instantly replaced upon the
mouth of the tube the moment the tin has
entered.

The tube full of gas is now replaced in the
mercury-trough, as shown in the figure,and =———— —
about one-third part of the gas is allowed to escape by inclining the
tube so that the gas may bubble out through the mercury. The tube
and its contents are left at rest during half an hour, in order that they
may acquire the temperature of the surrounding air, a caoutchouc ring
is slipped down the tube to mark the height of the gas, and the tin i
then heated with the flame of a spirit-lamp. The hot tin combine:
with the sulphur, and hydrogen is set free. The apparatus is left at
rest during another half hour, and the height of the gas in the tubs
is then noted. If the gas employed was pure, it will be found that it
volume has undergone no change. The hydrogen which has been sl
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fros occupies precisely the same space as the sulphydric acid did before
it was decomposed.

It is evident from this that 1 volume of sulphydric acid gas contains
1 volume of hydrogen, or multiplying these numbers by 2, in order to
arrive at the composition indicated by our molecular formuls, that 2
volumes of sulphydric acid contain 2 volumes of hydrogen. Now the
specific gravity, or unit-volume weight of sulphydric acid has been
found, by experiment, to be 17-19, that of hydrogen being 1; and if

From the weight of 2 volumes of sulphydric acid. . . . 34-38

‘We subtract the weight of two volumes hydrogen . . . 200

There will remain . . . . . . . .3238
which is very nearly equal to the unit-volume weight of sulphur-
vapor, 818, as experimentally determined.

The composition of sulphydric acid, both by volame and weight,
may, therefore, be expressed by the diagram.

H

1 5 ~
JHEEE

H

1'

207. The gas is very poisonous; when respired in the pure
state it quickly proves fatal, and it is very deleterious, even
though largely diluted with atmospheric air. Small birds soon
die in air which contains only ygky of its volume of the gas, dogs
in air which contains 3}y, and horses in air which contains 54
of its volume, Men can support more of it, but in experimenting
with it, it is best to do so where there is a free circulation of air.
Nausea and headache are often produced when an atmosphere
even alightly contaminated with sulphuretted hydrogen has been
breathed for any length of time. In case the air of an apart-
ment become contaminated with the gas, the disgusting smell
can readily be neutralized by sprinkling the room with chlorine-
water, or by evolving a little chlorine gas by adding some dilute
acid to a small quantity of bleaching-powder.

The gas exists as a natural constituent of some mineral waters
which are thence called sulphurous, such as the Virginia Sul-
phur Bprings, and the mineral springs at Sharon, N. Y. It is
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also found in the air and water of foul sewers, and where
animal matter is undergoing putrefaction.

208. Sulphydric acid gas is readily inflammable, and, like h
drogen, extinguishes the flame of a burning candle immersed
it. It burns with a blue flame, producing water and sulphurc
acid gas.

HS + 80 = HO + 80,
In case it be ignited in contact with a quantity of air insufficie
to burn the whole of it, the hydrogen will burn first, and a p
tion of the sulphur will escape combustion.

If a tall glass cylinder be filled with sulphydric acid gas, and t
gas be lighted at the top, the flame will pass down the cylinder as t
hydrogen is consumed, and a quantity of very finely divided solid &
phur will be deposited upon the walls of the vessel.

It has already been stated that sulphur kindles very easily, and ti
it has a strong affinity for oxygen; but it appears from this expe
ment, that hydrogen kindles still more readily, and that its affinity:
oxygen is greater than that of sulphur.

‘When mixed with air, in certain proportions, it is explosi
a fact which should be borne in mind by the experimenter.

209. Water dissolves about three times its own volume of t
gas at the ordinary temperature. This solution (see Exp. 86)
transparent and colorless when recently prepared, but, when ke
it gradually becomes opalescent and turbid from deposition
sulphur. Oxygen from the air unites with the hydrogen of t
sulphydric acid to form water, and sulphur isset free. ~After
lapse of several weeks or months, it will be found that the soluti
no longer contains any sulphydric acid; it has lost its nausec
odor, and the bottom of the bottle is covered with sulphur, t
result of the decomposition of the dissolved gas.

The aqueous solution of the gas reddens litmus slightly, li
the very weak acids. Towards metals and metallic oxides it t
haves in a manner somewhat analogous to that of chlorhyd
acid and its congeners, while, with regard to metallic sulphid
it stands in the same relation as water to the oxides, as will
explained hereafter.

Lzxp. 87.—Place a drop of sulphuretted-hydrogen water (Exp. €
upon a bright piece of copper, lead, or silver. The metal will quicl
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become black. The sulphur of the sulphydric acid unites with the
metal, to form sulphide of copper, sulphide of lead, or sulphide of sil-
ver, as the case may be, while the hydrogen escapes.

Cu + H,8 = CuS + 2H.

Ezp. 88—Place in a test-tube as much litharge (oxide of lead =
Ph0) as can be held upon the point of a penknife, pour upon it a tea-
spoonful of sulphuretted hydrogen-water, and obeerve that the yellow
litharge immediately becomes black. Sulphide of lead is formed, as in
the preceding experiment, together with a quantity of water.

. PbO + H8 = PbS + H,0.

Ezp. 80.—In place of the litharge of the last experiment, take &
very small crystal of nitrate of lead (Exp. 42) ; dissolve it in as much
water as will halffill the test-tube, and to this solution add a few drops
of the sulphuretted-hydrogen water. Black sulphide of lead is thro
down as a precipitate, and nitric acid is set free. :

PbO,N,0, + H,8 = PbS 4 H,0,N,0,.

210. Since many of the metallic sulphides are, like the sul-
phides of lead, copper, and silver, insoluble in water and dilute
acids, sulphuretted hydrogen is peculiarly well adapted for pre-
cipitating the metals from their solutions. After having been
thrown down as sulphides, as in the last experiment, they can be
readily separated and collected by filtration.

Though many of the metallic sulphides are black, like that of

lead, this is not true of all. Several of them exhibit character-
istic colors, by which they may be readily recognized ; thus the
eolor of sulphide of antimony is orange, that of sulphide of arsenic
is yellow, and that of sulphide of zine white. Upon this fact the
application of sulphuretted hydrogen as a test or reagent (that is,
as a means of detecting and identifying many metals) is in part
basod.
211. In the same way that sulphuretted hydrogen can be em-
ployed for detecting the presence of metals, so, conversely, solu-
tions of the metals, or,in some cases, the metals themselves, may
be used as tests for sulphuretted hydrogen.

Exp. 90.—Prepare a strong aqueous solution of nitrate of lead, or
better, of acetate of lead (sugar of lead). Wet strips of white paper
3 to 4 c.m. wide with this solution, and dry them in air which is free
from sulphuretted hydrogen. This lead-paper, as it is called, should be
kept for use in tightly stoppered bottles.
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Moisten a bit ot the lead-paper with water and expose it to sor
source of sulphuretted hydrogen—the mouth of the bottle ot eulph
dric acid prepared in Exp. 88, for example, or to the fetid air of a sew:
The paper will immediately be blackened from formation of sulphi
of lead.

The blackening of silver-ware, of watches, and cards whi
have been glazed with a preparation of lead, at many miner
eprings, and other localities where sulphuretted hydrogen
evolved, is, in like manner, indicative of the presence of th
gas. Tests like these, which are continuous and cumulative, ar
of course, much more delicate means of detection than the me
odor of the gas.

212. Bulphydric acid is a compound which is very easi
decomposed. When simply heated, it breaks up into i
components; and it is readily destroyed by various chemic
agents.

Ezp. 91.—To a gas-bottle such as was employed in Exp. 86, co
taining sulphide of iron, attach a chloride-of-calcium tube (Appendi
§ 15) and a piece of hard glass tubing, No. 4, about 20 c.m. long.
theend of this glass tube, attach another tube bent at right angles ar
dipping into a bottle of water. Pour chlorhydric acid into the ga
bottle, so that sulphydric acid shall be freely generated, as seen by tI
flow of bubbles through the final bottle of water. After the lapse
some minutes, when the apparatus has become completely filled wi
the gas and the last portions of air have been expelled, heat the midd
of the tube of hard glass with the flame of the gas-lamp, and obsen
the ring of sulphur which will collect upon the walls of the cold porti
of the tube a short distance in front of the flame.

It will be seen in subsequent chapters that several other of tl
gaseous compounds of hydrogen are decomposed, like sulphydric aci
upon being passed through hot tubes.

The influence of oxygen, in decomposing the aqueous solutio
of sulphydric acid, has been already alluded to, § 209 ; it h
been observed, moreover, that air contaminated with sulphydr
acid soon becomes odorless of itself, oxygen uniting with hydrc
gen, as before, and sulphur being set free. All the oxidizin
agents (that is, substances which readily give up oxygen) decom
pose sulphydric acid, water being formed and sulphur deposited

Ezp. 92.—Into a test-tube containing 4 or 5 c. c. of sulphurette
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hydrogen-water (Exp. 86), pour half as much concentrated nitric acid.
Sulphur will be deposited and nitrous fumes evolved.,

Very dilute nitric acid will not thus decompose sulphydric acid.

Chlorine, bromine, and iodine vapor instantly decompose sul-
phydric acid, uniting with its hydrogen to form ohlorhydrie,
bromhydrie, or iodohydric acid, while sulphur is precipitated.

HS + 201 = 2HCl + 8.
Ezp. 93.—In place of the nitric acid of the preceding experiment,

pour a few drops of chlorine-water into the solution ot sulphydric acid,
aud observe that the odor of the latter is destroyed.

213. Persulphide of Hydrogen (H,8,?).—This is an exceed-

_ ingly unstable liquid, the composition of which is not accurately
known,though it is supposed to be analogous to that of the peroxide
of hydrogen. It can be prepared by adding a solution of per-
sulphide of calcium to diluted chlorhydric acid. The reaction
may be conceived to take place in accordance with the following
equation :— ‘ o

CaS, + 2HCl = CaCl, + HSS, + 38.

Ezp.94. Mix 75 or 100 grms. of flowers of sulphur and an equal weight
of slaked lime with half a litre of water, place the mixture in a flask
and heat it to boiling, taking care to agitate the flask so that the solid
matter may not become impacted upon it. Continue to boil for about
an how, then filter off the liquor from the undissolved portions of
sulphur and lime. The solution thus obtained is a mixture of several
sulphides of calcium, more highly sulphuretted than the protosulphide,
but will serve the present purpose as well as if it were the pure quin-
quisulphide.

Pour the solution of sulphide of calcium into 250 c. c. of & mixture
of 2parts of concentrated chlorhydric acid and 1 part of water. Per-
sulphide of hydrogen will separate in fine oily drops, producing & milky
turbidity in the liquid. These drops soon coalesce and ‘settle out be-
neath the water. A good way of collecting the persulphide is to per-
form the precipitation in a large glass funnel, provided with a stopper.
By carefully opening this stopper, the precipitated oil can nearly all be
drawn off without disturbing the water which floats above it.

Persulphide of hydrogen emits a peculiar, disagreeable odor,
and is very irritating to the eyes and mucous membrane. It
tastes sweet and Dbitter, but disorganizes the flesh wherever it
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touches it. Its properties closely resemble those of peroxide
hydrogen ; it is very unstable, and is decomposed by the s
substances which destroy the oxide. It even decomposes sf
taneously when left at rest for a few days; ordinary veget
colors are quickly bleached by it; it decolorizes also solution
indigo.

214. In the last section we have used, for the first time,
tain technical terms which, perhaps, need brief explanat
As has been stated in § 76, many of the elements are capabl
uniting with other elements in several different proportion:
form chemical compounds. Sulphur, for example, is specially
to form more than one compound with a single element. W
sulphur unites with a metal, the compound formed is calle
sulphide, just as a compound of oxygen and a metal is callec
oxide, or one of chlorine and a metal a chloride,—the term:

- tion ide, which always indicates combination, being added to
first syllable of the word sulphur, or oxygen,or chlorine, and
new word ending in ide being then connected with the nam
the metal, as in the case of sulphide of copper, Exp. 87.
when, asin the case of calcium, there are several distinct sulphi
it is customary to distinguish one from the other by mean
various Latin and Greek prefixes. Thus the compound w
containe one atom of sulphur and one atom of calcium is the pr
sulphide, or simply the sulphide of calcium, the prefix proto b
derived from the Greek word for first ; the compound which c
tains two atoms of sulphur to one of calcium is the bisulphid
calcium, from the Latin for twice ; and in like manner we !
a tersulphide, containing three atoms of sulphur to one of calci
and a quinquisulphide containing five atoms of sulphur.
compound containing the highest proportion of sulphur is o
called the persulphide. A good custom is to designate the c
pounds which contain more sulphur than the protosulphide
prefixes of Latin origin, and to distinguish those which may c
tain less sulphur than the protosulphide by means of Greek |
fixes; thus, if there were a compound of two atoms of calc
and one of sulphur (Ca,8) it would properly be called a di-sulpt
of calcium, the prefix being from the Greek &is. The same |
fixes are used in an analogous manner in connexion with

>
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words oxide, chloride, bromide, iodide, and the similar words
ending in ide.

215. Compounds of Sulplmr and Ozygen.—No less than seven
different compounds of sulphur and oxygen have been discovered,
all of which form acids by union with water. Thus the oxide of
sulphur 80, forms, by union with the elements of water, common
sulphuric acid H,80,; the name sulphuric acid being indiscri-
minately applied to both bodies, although only that one which
contains hydrogen possesses the properties commonly described
by the term acid.

Two of these compounds, viz. sulphurous acid (SO,), and
sulphuric acid (80,), have long been known, and these are still,
comparatively speaking, of most importance, since they are em-
ployed upon the large scale in the arts. Subsequently there were
found the compounds 8,0, (hyposulphuric acid) and 8,0, (hypo-
sulphurous acid) ; and at a still more recent period the compounds
8,0,, 8,0,, and §,0,.

As long as only two compounds of sulphur and oxygen were
known, they were distinguished as sulphurous and sulphuric, in
accordance with the rule laid down in § 70; when the two com-

ounds, 8,0, and 8,0,, containing respectively less oxygen than
sulphuric and sulphurons acids, were discovered, the prefix Aypo
was resorted to as explained in § 71 ; lastly, for the later-found
acid compounds of sulphur and oxygen, the ordinary rules of
chemical nomenclature being inadequate, it was necessary to
invent a special set of names. They were all called Thionic acids,
from the Greek word for sulphur, and were then dlstmgulshed
from one another by the prefixes ¢rt, tetra, and penta, in accord-
ence with the number of atoms of sulphur in each. Strictly
speaking, the compound S,0,, since it contains five atoms of oxy-
gen like the thionic acids, should perhaps follow the new rule and
be called dithionic acid, but it is still customary to rctain the old
name hy post.lphurlc acid.

The completc list of the names of the compounds of sulphur
and oxygen is as follows :—

Sulphurous acid . . .
Sulphuric acid . . ,
Hyposulphurous acid .
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pper or mercury, asin the foregoing experiment, «
, such as sulphur or charcoal, may be employed.

»d sulphur be boiled with 12 parts of strong sulpl
3 acid is set free, as exhibited by the following e

8 + 2H,80, = 880, + 2H,0.

n of gas, in this case, though steady and unifor
low, as contrasted with that of the experiment in w
yed ; hence the process is usually less convenient
x.,

recoal or dry sawdust are heated with sulphuric ac
on of sulphurous acid occurs, though the gas is nc
being mixed with half a volume of carbonic acid

+ 2H,80, = 280, 4+ CO, + 2H,0.

rposes, as in the preparation of the aqueous soluti
1, this method with charcoal is to be preferred, or
»my and convenience of application. In the labor
ore frequently employed than either of the others.
wid may also be readily prepared by heating in
lixture of 4 parts of sulphur and 5} parts of black
soth in fine powder, and intimately mixed. A mi
ack oxide of copper with 1 part of sulphur answer

28 + MnO, = SO, + MnS.

88 + 2Cu0 = SO, + 2CuS.
e cases, metallic sulplrides are left as a residuum i
but if the sulphur and black oxide of manganese be
m of 1 part sulphur to 5} parts of the oxide, no sulj
xide, of manganese will be formed.

S 4 2MnO, = SO, + 2MnO.

s been already stated, sulphurous acid gas is t
lorless. It is irrespirable and suffocating, and
T, even in small proportion, occasions violent cc
ot inflammable, but, on the contrary, it stops

*a taper is immediately extinguished on being imm
acid gas, just as it is by nitrogen. A useful applic
y of the gas is in extinguishing burning chimney
yments of sulphur being thrown upon the hot co
the openings of the fire-place being closed in st
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manner that no air shall enter the chimney, excepting that which passes
through the fire, the chimney will quickly become filled with an atmo-
sphere of sulphurous acid mixed with nitrogen from the air employed
in burning the sulphur, and the burning soot upon the walls of the
chimney will be immediately extinguished.

It is, of course, essential that the chimney should then be closed at
the top, so that air may be excluded and the chimney kept full of the
fire-extinguishing atmosphere until its walls shall have cooled to below
the kindling temperature of the soot.

The oxygen contained in the sulphurous acid gas is so firmly
held that combustibles are powerless to take it away under ordi-
nary circumstances, though at high temperatures this oxygen can
be removed by means of hydrogen, carbon, and easily oxidizable
metals Jike potassium.

When hydrogen and sulphurous acid gas are passed together
through a red-hot tube, water is formed and sulphur deposited,

4H + 80, = 2HO + 8§,
and when sulphurous acid is passed through a tube containing
ignited charcoal, carbonic acid is produced and sulphur deposited,
as before.

C + 80, = CO, + B.

In case nascent hydrogen come in contact with sulphurous acid,
it will decompose it at the ordinary temperature, though in a
manver somewhat different from the foregoing. The sulphur, as
well as the oxygen, will, in this case, combine with hydrogen,
and there will be formed sulphydric acid as well as water.

6H + 80, = 2H,0 4 HS.

This reaction may be made visible by putting a few drops of a solu-
tion of sulphurous acid (Exp. £68) into a gas-bottle from which hydro-
gen s being evolved (Exp. 19), and testing the hydrogen with a strip
of woistened lend-paper (Exp. 90) both before and after the addition
of the sulphurous acid.

220. Sulphurous acid can readily be condensed to the liquid
state. It is, in fact, one of the most easily liquefiable of the
gases. By mere cooling to —10°, under the ordinary pressure
of the air, it is converted into a colorless, transparent, limpid
liquid.

In preparing small quantities of the liquid, it is sufficient to lead the

x2
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rom copper and sulphyric acid, and dried by passis
wric acid or over chloride of calcium, into a U-tube w
a freezing mixture of ice and salt (2 parts of pou
salt).

phurous acid is a rather heavy liquid, of 1-
iy, boiling at about —10° and solidifying at —
crystalline solid. On being exposed to the ai
peratures, the liquid acid evaporates with g
| consequently occasions very intense cold.
mercury may be frozen, and chlorine and ammc

y of the liquid acid be poured into water, the tem
is a few degrees above 0°, a portion of the acid will
, another portion will dissolve in the water, and a
heavy oily liquid will sink to the bottom of the v
. which has thus subsided, be stirred with a glass r
cce, and the temperature of the water will be so 1
\ portion, or even the whole, of the water will be fr
specific gravity of the gas, as determined by diff
32:256, or 32-443, or 32:558, instead of 32, as w
by theory. This variation is explained by the
»us acid, like all the easily condensible gases, ¢
xactly to the law of Mariotte at temperatures
of condensation. Under any given pressure
ases in somewhat larger proportion than is the
the other permanent gases.
tant property of sulphurous acid is its pow
retable colors. It is extensively employed in ble
»f straw, wool, silk, &ec., which would be injure

nto a bottle in which sulphur has been burned (Ex;
aspoonfuls of a solution of blue litmus, and shak
{itmus solution will first become red, as it would i
m sulphurous were present, and will then be decolo
property may be illustrated by holding a red rose i
ing sulphur, or by immersing the rose in an aqueous
urous acid (Exp. 96), and leaving it for a few mi
rcome white. '

3 way the stains of fruit or wine can be removed
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clothing. A bit of eulphur is burned beneath a small open cone of
paper, which serves as a chimney, and the stain, having first been
slightly moistened with water, is held in the fumes at the top of this
chimney. The cloth should finally be carefully washed with water at
the place where it has been exposed to the sulphurous acid.

In the arts, the process of bleaching is usually conducted in large
chambers, in which the slightly moistened articles are hung while
sulphur is burned below. The damp goods absorb the sulphurous acid
and gradually become white. The presence of water is essential;
perfectly dry sulphurous acid will not bleach.

222, The manner in which sulphurous acid acts as a hleach-
ing agent is not clear. It is remarkable that, as a gencral rule,
it does not actually destroy the coloring-matter ; and that upon
many coloring-matters it has little or no action. Most of the
yellows, and the green coloring-matter of leaves, are in this latter
category, and upon litmus, cochineal, and logwood, the acid does
not act very readily. In the few instances where it really de-
stroys the color, as in the case of the garden amaranthus, it
sppears to act as a deoxidizing agent. But in most cases it
appears to euter into combination with the colonng-matters and
to form colorless compounds. These colorlos& ‘compounds of sul-
phurons acid and coloring-matter can be broken up, with restora~
tion of color, by exposing them to the action of various chemical
agents capable of expelling sulphurous acid

Ezp. 98.—Bleach a rose, as in Exp. 97, and immerse it in dilute
sulpharic acid. Then dry and warm it, so that the volatile sulphurous
acid may be driven off. The color of the rose will again appear.

In many cases a solution of caustic soda will restore the color as well
as sulphuric acid. A practical illustration of this action of alkaline
solutions is seen in the reproduction of the original yellow color of the
wool when new flannel is washed with an alkaline soap.

Sulphurous acid is a powerful disinfecting and antiseptic agent.
It retards, to a remarkable extent, the processes of putrefaction
and fermentation, and is largely employed for this purpose in
wine-making ; hops and compressed vegetables are charged with
it to the same end, and it has been successfully employed for
preserving meat. It has often been employed in medicine, in
the treatment of skin diseases, as a fumigation.

223. Although sulphur will not take up more than two atoms
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tygen when burned in the air, or in oxygen gas, it is neve:
188 & matter of no very great difficulty to cause it to take v
rd atom.

. presence of water it gradually absorbs oxygen from the ai
is converted into sulphuric acid. Hence the aqueous solx
of sulphurous acid (Exp. 96) cannot be preserved for an
t length of time, unless it be kept in very tight vessels.

4. If a mixture of sulphurous acid gas and oxygen, or ai
rought in contact with hot platinum sponge, the sulphuro
will unite with oxygen, and sulphuric acid will be formec
jame union occurs when the mixed gases are brought in cor
with various other substances, such as pumice-stone, cla
the oxides of chromium, iron, and copper. Several attemp
 been made to put these methods in practice for manufa
1g sulphuric acid, but they have been found to be too slo
in the case of platinum and clay, it has been observed th
> substances soon lose their power and cease to convert t!
:d gases into sulphuric acid.

phurous acid - leoxidizing agent of very coi
-able power ; g iployed in the laboratory as
cing agent. ' iodic acid with separation
1e, and nitric a m of hyponitric acid, sulphuz
being formed i

1,0, + 5H,0 + 580, = 5(H,0,80,) + oI
HONQO, + 80, = HO0,80, <+ 2NO,
tp. 99.—Charge & dry bottle, of the capacity of a litre  Fig, 4
ore, with sulphurous acid gas, by burning in it a bit of
wr, as shown in Fig. 45. Fasten a shaving, or, better,
t of gun-cotton, upon & glass rod or tube bent at one
n the form of a hook ; wet the shaving in concentrated
s acid, and hang it in the bottle of sulphurous acid.
fumes of hyponitric acid will immediately form about
iitric acid, and will gradually fill the bottle. _
| presence of a mixture of water and chlorine, sulphuro
takes up an atom of oxygen from the water, while tl
'ogen of the water unites with chlorine.

80, + 2H,0-4 2C1 = H 0,80, + 2HCL

milar reaction occurs between iodine and sulphurous acid,
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a very large amount of water be present; in spite of the fact,
already mentioned, § 140, that iodohydric acid is readily decom-
posed by concentrated sulphuric acid with liberation of iodine,
sulphurous acid, and water.

225. Sulphurous acid, though a %eak acid, forms numerous
well-defined salts by uniting with metallic oxides. These salts,
called sulphites, are of two classes,—simple or normal sulphites,
such as the sulphite of potassium K,SO, (or, dualistic, X,0,80,),
and double or acid sulphites, such as the acid sulphite of potas-
sium KHSO, (or, dualistic, KHO,80,). All these salts are de-
composed by strong acids, such as chlorhydrie, nitric, or sul-
phurie, sulphurous acid being expelled ; but they are not decom-
posed by carbonic acid. On the contrary, the salts of carbonic
acid are decomposed by sulphurous acid; and hence it happens
that the impure sulphurous acid gas obtained by heating a mix-
ture of charcoal and sulphuric acid can be used for preparing the
sulphites. If, for example, this gas be conducted into an aqueous
solution of carbonate of sodium, there will be obtained a solution
of sulphite of sodium, and carbonic acid will be set free.

226. Besides the solution of sulphurous acid, such as was pre-
pared in Exp. 96, there is a definite crystalline compound of
water and the acid, which can be obtained by passing a current
of sulphurous acid gas into ice-water. This compound is very
unstable, and is destroyed at temperatures but little above 0°;
but by collecting it upon a cooled filter and then pressing the
aystals repeatedly between folds of cold blotting-paper, it has
been found possible to remove most of the mother-liquor which
adheres to them at first, and to obtain the compound in a condi-
tion of tolerable purity. The composition of the crystals appears
to be S0,+415H.0.

227. Sulphuric Acid.—The term sulphuric acid is applied
somewhat indiscriminately to three or more distinct substances—
namely, to a compound of one atom of sulphur and three atoms
of oxygen, 80O,, which we shall call anhydrous sulphuric acid,
and to certain compounds of sulphur, oxygen, and hydrogen,
which have been usually regarded as compounds of the an-
hydrous sulphuric acid, just mentioned, and water. Of these
bydrates the most important are those of the composition H,80,
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ualistic, H,0,80,) [oil of vitriol], and H,8,0, (dualisti
0,280,) [Nordhausen or fuming sulphuric acid]. The bod
10se formula is H,SO,, is one of the most important of ch
cal substances, and is usually the thing meant when sulphur
id is spoken of. We will therefore proceed to study its pr
rties before touching upon those of the other substances above
mtioned.

Sulphuric acid is one of the most important products of ch
cal manufacture, and is made in enormous quantities. In t|
ne way that the metal iron may be said to be the basis of ¢
schanical industries, sulphuric acid lies at the foundation of tl
emical arts. - By means of sulphuric acid, the chemist eith
‘ectly or indirectly prepares almost everything with which ]
8 commonly to deal.

Sulphuric acid might be prepared by passing sulphurous ac
8 into boiling nitric acid, until all of the latter had been r
ced, and finally distilling off the last traces of the lower oxid
nitrogen which would be formed. Even if sulphur itself we
iled in concentrated nitric acid, it would gradually be oxidiz
d converted into sulphuric acid. But neither of these pr
sses would be economical. It can be very cheaply prepare
wever, by the action of either of the high oxides of nitroge
‘rous, hyponitric, or nitric acids, upon sulphurous acid, in pr
ace of air and moisture; and this method is the one actual
lowed in the preparation of sulphuric acid on the large sca
mixture of the gases above mentioned is effected in enormo
ambers constructed of sheet lead, a metal upon which cold sv
uric acid has little or no action.

228. The essential points of the process are, first, that S(
1en in presence of much moisture, can take oxygen from eith
0,,NO,, or N,0,, and reduce them to nitric oxide, NO, while
itself converted into sulphuric acid, and, secondly, that NO ¢
te oxygen from the air and become NO,.

In practice, the sulphurous acid is obtained by burning cru
Iphur, or more commonly & compound of sulphur and iron, knov
iron-pyrites, FeS,; the gas, together with a large excess of atm
heric air, is then conducted into the first of a eeries of leaden chas
rs into which steam is admitted. Nitrous fumes are supplied eith
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by allowing nitric acid to fall in fine streams through the incoming
current of sulphurous acid and air, or from the decomposition of a
mixture of salt, nitrate of sodium, and sulphuric acid, as described in
§ 105, or by heating a vessel charged with nitrate of sodium and sul-
phuric acid, by means of the burning sulphur.

In conformity with the principles above stated, the sulphurous acid,
a8 s00n a8 it comes in contact with the steam, reacts upon the nitrous
fumes ; there is formed nitric oxide gas and hydrated sulphuric acid,
which falls to the floor. But, as there is present in the chamber an
excess of air, the nitric oxide immediately unites with a portion of the
oxygen therein contained, and is converted into hyponitric acid.
This hyponitric acid immediately reacts upon a new portion of sulphu-
rous acid, and the process thus goes on through a whole series of leaden
chambers, the very,small portion of nitric acid at first taken being suffi-
cient to prepare a large quantity of sulphuric acid. In reality, the
oxygen employed in converting the sulphurous into sulphuric acid, all
comes from the air, excepting a very little at first ; the nitrous fumes
serve only as a conveyer of oxygen. The nitric oxide takes oxygen
from the air and transfers it to the sulphurous acid, which, as has been
stated in § 223, is, by itself and unaided, incapable of combining with
oxygen. It will, of course, be understood that, although we trace out
these reactions as if they were consecutive, they are really, so far as we
Inow, simultaneous. .

Theoretically, a single portion of hyponitric acid would be sufficient
to effect the conversion of an unlimited amount of sulphurous into sul-
phuric acid ; but practically this power is qualified by a variety of cir-
cumstances. It is found to be impossible, for example, to mix new
portions of air with the mixture of sulphurous acid and nitric oxide
for an indefinite period ; for at a certain point these gases become so
loaded down with nitrogen derived from the air already consumed, that
they are as good as lostinit. In general the flow of gases is so regu-
Iated that all the sulphurous acid shall be oxidized, and that nothing
but nitric oxide and waste nitrogen shall pass out of the last leaden
chamber.

229. The process of manufacturing sulphuric acid can readily
be illustrated upon the small scale.

A large glass balloon, or receiver, of the capacity of several litres,
placed in a vertical position, is closed with a cork pierced with five
holes, through four of which are passed small glass tubes. All of these
glass tubes reach nearly to the bottom of the balloon, and are bent at
aright angle above the cork; one of the tubes is connected at the top
with a flask containing copper-turnings and sulphuric acid, for the
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1 of sulphurous acid (see Exp. 96), another with a flas
t copper-turnings and furnished with a thistle-tube, throug
ric acid can be poured, for the generation of nitric oxide (se
and the third with a flask containing water for the evolutio
the fourth tube and the fifth hole are both left open.
1ing being in readiness, nitric oxide is generated in the sma
1 for this purpose ; as the gas passes over into the large bal
lites with oxygen from the air, and red fumes of hyponitr
»rmed. Sulphurous acid is now made to pass into the bal
s will have no action upon the red fumes, so long as ther
r present, but the moment steam is thrown in from the thir
&, & reaction occurs, the hyponitric acid is reduced, and th
8 acid oxidized. By meauns of bellows, air must, from tim
e blown into the balloon, through the fourth glass tube, tk
‘ogen passing off through the fifth hole in the cork.
ittle steam be employed in this experiment, a solid compoun:
* the union of nitrous and anhydrous sulphuric acids, is liab
osited upon the walls of the balloon; the appearance of th
1ys indicates that the supply of steam is insufficient; it
ned when the proper proportion of moisture is present.
’he sulphuric acid which collects at the bottom of tk
1ambers is necessarily dilute, because of the large amour
which must be present, in order that the reactions abos
. may freely occur; moreover it would not be advar
;0 allow an acid more concentrated than that of specif
4 to form in the chambers, since a stronger acid woul
nd retain a considerable quantity of nitric oxide. 1
it for the purposes for which sulphuric acid is usual
|, the dilute acid of the chambers must be concentrat
sion of the water ; to this end, it is run off into shallo
ins, and there evaporated until it is of specific gravi
+75. The concentration cannot safely be carried beyor
t in ordinary leaden vessels, since the strong, hot ac
+ attack the metal, and the temperature at which tl
ils is so high as to approach the melting-point of lea
| of 1-72 specific gravity is somewhat extensively em
or a variety of purposes, at the factories where it h:
;pared, but is still too dilute for tramsportation. It
transferred from the leaden pans to large glass retor
ep sand baths, or to platinum stills, and there evaporat:
until it is nearly of the composition H 80,
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231. The acid thus boiled down is the concentrated sulphuric
acid, or oil of vitriol, of commerce ; its specific gravity is usually
about 1-83, that of the absolutely pure acid being 1-842. Besides
this slight excess of water, it contains also, in solution, a certain
quantity of sulphate of lead, and a variety of other impurities.
For most purposes, however, it will answer as well as the pure
acid. Like the latter, it is a heavy, oily, colorless, and odorless
liquid, boiling at about 330°.

Since a comparatively small amount of heat is absorbed in the con-
version of the liquid acid to the condition of gas, its vapor can be very
easily condensed ; in distilling the acid, the receiver need not even be
placed in cold water.

From the same cause,combined with the great weight of the liquid,
the acid is liable to boil tumultuously, the act of ebullition being
irregular and attended with violent blows or shocks. The bubbles of
vapor formed at the bottom of the retort condense almost as soon as
they are formed, and the heavy liquid above suddenly falls back to fill
the vacuum.

In distilling the concentrated acid, it is therefore best to heat only
the upper portions of the liquid in the retort; this can be effected
either by placing the retort upon a wire-grate so perforated that about
balf the body of the retort can be sunk below the level of the burning
charcoal upon the grate, or by placing & layer of ashes, or of some
other bad conductor of heat, beneath the very bottom of the retort,
then piling sand around the sides of the retort outside of the ashes,
and applying heat beneath the iron pan upon which the whole is sup-
ported.

232. The common acid usually freeges at about —84°; but it
has been found possible to lower the freezing-point to —80°, by
adding a small quantity of water to the.commercial acid. When
once frozen, it remains solid until the temperature rises to about
the freezing-point of water. Crystals of the pure acid melt at
about 10°. At the ordinary temperature, sulphuric acid does not
vaporize, but, on the contrary, greedily absorbs water from the
air and so increases in bulk. In moist weather, its butk may
increase to the extent of a quarter or more, in the course of a
single day, and, by longer exposure, a still larger quantity of water
will be taken up; the acid must always be kept, therefore, in
tightly stoppered bottles.
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00.—Into a shallow dish of about 200 c. c. capacity, pow
c. ¢. of concentrated sulphuric acid; place this dish of acid
pan of a balance, and upon the other pan put enough smal
lean, dry sand, to exactly balancethe acid. Preserve the ma-:
the counterpoise, and place the dish of acid uncovered in the
from day to day replace it upon the balance, together witl
terpoise, and note the number of grammes or fractions of :
that it has increased in weight.
acid were allowed to stand for a week or two ina damp place
become two or three times as heavy as it was at first. Fron
* of absorbing aqueous vapor, sulphuric acid is often employe
g gases. (See Appendix, § 16.)
With liquid water sulphuric acid unites with great energy
at being evolved at the moment of combination ; durin
n a certain amount of condensation occurs, the mixture
1d, occupying less space than was previously occupied b;
and the water. The water and acid may be mixed i
irtions, being mutually soluble one in the other.

cing water and sulphuric acid, the acid should always b
to the water, in a fine stream, not the water into the acid,—
r being meanwhile stirred. In this way the heavy acid ha
tunity to mix with the water as it sinks down through it.
any accident, water were to fall upon sulphuric acid, it woul
top of it, and great heat would be developed at the point
f the two liquids; if the quantities of acid and water wer
Iden bursts of steam would be occasioned and serious damag
ise from the scattering about of portions of the acid.
ing water and commercial sulphuric acid as in the followin
nt, it will be observed that the solution becomes cloudy, an
hite powder is gradually deposited from it. This preclpltat
te of lead, originally derived from the leaden pans in whic
was concentrated ; it is soluble in concentrated, but insolubl
sulphuric acid, and is consequently thrown down when wate
to the commercial acid.
.0L.—Place in a beaker glass of about 250 c. c. capacity, 3
‘ater; in accordance with the directions above given, pou
water 120 grms. of concentrated sulphuric acid, and stir th
with a narrow test-tube containing a teaspoonful of wate
heat will be evolved during the union of the water and th
the water in the test-tube will boil.

If sulphuric acid be mixed with ice or snow, the latte
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will be immediately liquefied. If the proportion of ice in the
mixture be small, as compared with that of the sulphuric acid,
heat will be evolved much as is the case with liquid water, though
to a less extent. But when ‘a large proportion of ice is mixed
with a comparatively small quantity of the acid, no heat will be
perceived, but, on the contrary, intense cold.

Ezp. 102.—Place in a beaker glass of about half a litre capacity
120 grms. of snow, or finely pounded ice; pour upon it 30 grms. of
concentrated sulphuric acid, and stir the mixture with a test-tube con-
taining & small quantity of water. The water in the tube will be
frozen.

Eip. 103.—Repeat the foregoing experiment, using 80 grms. of
snow or ice and 120 grms. of sulphuric acid. A very considerable
evolution of heat will occur, as may be seen more clearly by immersing
a thermometer in the liquid. )

The result of Exp. 102 seems, at first sight, inconsistent with
the general fact that heat is always set free during chemical com-
bination ; for though chemical union between the acid and water

has evidently occurred, no heat, but cold, is manifested. The -

anomaly is only a seeming one; a certain amount of heat is re-
quired, in order that the cohegive force, by which the particles of
the ice are held together, shall be overcome ; hence the heat which
is really produced by the chemical combination is all absorbed,
together with much more, taken from the materials and the vessel
which contained them, during the liquefaction of the ice.

235. Besides the indefinite mixture or solution above men-
tioned, several crystalline compounds of anhydrous sulphuric acid
and the elements of water, of fixed composition and characteristic
form, can be prepared.

If the commercial acid be diluted with water until its specific
gravity is reduced to 1-78, and the liquid be then cooled strongly,
a substance of composition H 80, (dualistic, 2H,0,50,) will erys-
tallize out in the form of large rhombic prisms. These crystals
are of sp. gr. 1:785 ; they melt and solidify at about 8°.

A second hydrate, of composition 3H,0,80,, can be obtained
by evaporating a dilute acid in & vacuum at the tewperature of
100°, until it ceases to lose weight; and another of composition
H,0,280,, will be described below when we come to speak of

fuming sujpiiEncid.
&
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6. Sulphuric acid is one of the most powerful acids know
e drop of it be diluted with a thousand times as much wat
still capable of reddening blue litmus. It expels most of t
* acids from their compounds, in the same way that we hs
it expel nitric acid from nitrate of sodium in Exp. 32.
low temperatures, however, as at —80°, it loses its power
ning litmus, and has no action upon the carbonates, thou
s violently upon these salts at the ordinary temperature.
is intensely caustic and corrosive, and quickly chars s
oys most vegetable and animal substances.

p- 104.—Into a test-glass pour a tablespoonful of sulphuric a
mmerse in it a splinter of wood. The wood will blacken a
ed by fire, and the acid will become dark-colored. Wood is cc
. of carbon, hydrogen, and oxygen; and since sulphuric a
s with compounds of hydrogen and oxygen, rather than w
n, o portion of the latter is left free; some carbonaceous ma
wever, dissolved by the acid and darkens it. The acid of c«
: is often dark-colored, from fragments of straw or other or::
r having accidentally fallen into it. Su'phuric acid which
colored by organic matter may be rendered colorless by stron
og it till it becomes fully concentrated. ’

e action of the acid upon organic matter is more rapid when mo
y present. Thus, if a few drops of oil of vitriol be poured u
aper, decomposition will take place only slowly; but if a I
: be added to the acid, heat will be developed by the chem
,, and the paper will be at once decomposed by the hot acid.

‘7. When heated with charcoal or with any organic mat
wric acid gives up oxygen, as has licen shown in Exp.
is itself reduced to sulphurous acid; by sulphur, also,
wveral of the metals, such as copper and mercury, it is
d in a similar way. (See Exp. 96.) Towards some met
as zine for example, its behavior is various, according ¢
ncentrated or dilute. If zinc be treated with cold, di
wric acid, the zine simply replaces the hydrogen of the &
te of zinc is formed, and hydrogen is sct free.

Zn + HSO, = ZnSO, + 2H.

if zinc be heated with concentrated sulphuric acid, a por
1e latter is reduced, as it would be in presence of coppe
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mercury, sulphurous acid is evolved, as well as hydrogen, and

these gases, reacting upon each other, produce sulphydric acid and

8 deposit of sulphur, in accordance with the following formule :—
80, + 6H = HS 4 2H,0.
80, + 4H =8 <+ 2H0.

As a general rule, concentrated sulphuric acid acts but feebly

upon the metals in the cold, though, when boiled upon them, it

often behaves as an oxidizing agent.

238. With the oxides of the metals, sulphuric acid unites
directly to form the very important salts called sulphates, water
being simultancously eliminated. Oil of vitriol, H,8O,, may, in
fact, be itself regarded as a salt, in the composition of which, hy-
drogen fills the same place that sodium does in sulphate of
sodium, Na,SO,, and it might well be called sulphate of hydro-
gen, were it not that usage has assigned to it another name.
Besides the normal sulphates, in which all the hydrogen has been
replaced by a motal, as above (or, on the dualistic hypothesis,
in which all the water has been rcplaced by a metallic oxide),
there is another class of sulphates, often called b4 or acid sul-
phates, in which only half of the hydrogen has been thus re-
placed, as an example of these, the student will recall the acid
sulphate of sodium, NaHSO,, mentioned in § 101.

Acids, which, like sulphuric acid, contain two replaceable atoms
of hydrogen, and are therefore capable of forming two series of
salts, are called bibasic, in contradistinction to the monobasic
acids, like nitric acid, which form but one scries of salts. There
is but one nitrate of sodium, for example, NaNO,. It is for this
reason that many chemists object to the doubled formula for
nitric acid I, N,O,, in spite of its convenience, because this for-
mula suggests, what is not true, that one or both of the atoms of
hydrogen might be replaced by any metal which, like sodium,
potassium, or silver, replaces hydrogen atom for atom.

239. Fuming Sulphuric Acid.—The acid H,SO,, above de-
scribed, has been, for nearly a century, the most important of the
several varictics of sulphuric acid ; but long previous to the dis-
covery of the process of making it in leaden chambers, there
was manufactured another variety, now known as fuming sul-

phuric acid.

1
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iis fuming acid, or Nordhausen acid, as it is often cal
the name of a German town in which large quantitie
sre formerly prepared, was at first obtained by distilling
1en retorts the salt now known as sulphate of iron, form
d greengvitriol. Hence the origin of the name oil of vit
h, in England and this country, has come to be apj
y to the common acid H,SO,, though it is still used
nyme for the fuming acid by German writers.
‘hen dry sulphate of iron is exposed to a full red hea
rs decomposition ; a considerable quantity of sulphuric
ven off and can be collected in receivers. The distil
obtained, which is a dense fuming liquid of about 1-9
gravity, is the acid now in question. Though of far
rtance than was formerly the case, considerable quantiti
uming acid are still prepared for the purpose of dissol
to and for other special uses, where an acid stronger
sommon acid is needed. It may be regarded as a solu
irying quantities of the anhydrous acid SO, in the com
H,SO, ; if it be gently heated, all of the anhydrous acid
xpelled, and common sulphuric acid will remain. So, to
exposed to the air, the anhydrous acid will be given off,
ng in contact with the moisture of the air, will com
:with to form common sulphuric acid, which, falling -
1, occasions the appearance of fumes.
‘hen the fuming acid is cooled to about —5°, a crysta
ound of composition H,S,0, (dualistic, H,0,250,) sepa:
After having been freed from liquid acid, these cry
at 35°. When pure, the fuming acid is colorless; but
rercial article is often brown, from having been in co
organic matter. It is an excessively corrosive liquid,
‘oys most organic matters, even more rapidly than the ¢
acid. On being dropped into water, a noise is emitte
red-hot bar of metal had touched the water. _
10. Anhydrous Sulphuric Acid (80,).—As has been 1
:d in § 224, this substance can be obtained by passing a :
of sulphurous acid gas and oxygen over hot, finely div
dlic platinum, or over various oxides and other porous
s
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Ezp. 105.—Prepare a small quantity of platinized asbestos as fol-
lows: dissolve about 0-25 grm. of metaliic platinum in aqua regia (§ 104),
and soak in this solution as much soft, porous asbestos as will form a
loose ball of 15 c.m. diameter ; heat the wet asbestos gently until it
has become dry, and then ignite it in the flame of the gas-lamp. The
chloride of platinum, which was formed by the solution of the metal, is
decomposed by heat, and metallic platinum, in a finely divided condi-
tion, is left adhering to the asbestos.

Select a tube of hard glass, No. 3, about 30 c.m. long, and, at a dis-
tance of about 10 c.m. from one end, bend it to an obtuse angle, so
that when the tube is supported upon a ring of the iron stand above
the gas-lamp the shorter bent portion can be thrust into the neck of a
receiver; in the centre of the longer portion of the glass tube pack the
platinized asbestos loosely; then force into and through the tube & cur-
rent of mized sulphurous acid and oxygen ; at the same time heat over
the gas-lump that portion of the tube which contains the platinized
asbestos, and collect the anhydrous sulphuric acid which is formed in a
perfectly dry test-tube or U-tube immersed in ice, or, better, in a freez-
ing-mixture of ice and salt. In the course of the experiment, lift up
the receiver for & moment, pour out from it a little of the vapor of
anhydrous sulphuric acid, with which it is filled, and observe how
rapidly the heavy gas falls through the air, and the cloud which forma
8s it unites with moisture.

The mixture of sulphurous acid and oxygen may be made before the
experiment in a small gas-holder, or, as well, during the progress of
the experiment in a bottle behind the asbestos tube. This bottle, which
thould be of at least half a litre capacity, is fitted with a cork car-
tying three glass tubes, and is connected with the asbestos tube by one
of these tubes, which reaches no lower than the cork; by the other
tubes, which pass nearly to the bottom of the bottle, and dip beneath the
surface of a layer of common sulphuric acid, which has been placed
in it, the bottle is connected with a flask in which sulphurous acid is
being generated (Exp. 96), and with a gas-holder containing oxygen.
The sulphuric acid in the bottle serves to dry the gases, and the rapidity
with which the bubbles of gas pass through the liquid, enables the
operator to judge of the proportions in which the gases are being
mixed ; the flow of oxygen having been fixed at a moderate rate, once
for all, the sulphurous acid will alone need attention.

The action of the platinum in this experiment is obscure ; it will be
treated of under the metal platinum.

Instead of the platinized asbestos, oxide of iron, oxide of copper, or
oxide of chromium, or, better, a mixture of the last two can be heated

(4]
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s tube through which the mixed gases are passing. These|
of preparing sulphuric acid are interesting from a scientific p
w, but, as has been already stated (§ 224), they do not adm:
ercial application.
hydrous sulphuric acid can readily be prepared by heating
1ausen acid (see § 239):—
or 30 grms. of fuming sulphuric acid are goured into a perf
mall glass retort ; the neck of the retort is thrust into a dry,
er, and the acid is slowly heated until it boils moderately.
of the anhydrous acid will condense and solidify in the rece
2 anhydrous acid may also be obtained by distilling dry bisulp
ium. The bisulphate is prepared by heating a mixture of 3 p
sight, of dry sulphate of sodium and 2 parts of common sulp
until the mixture fuses. All the water of the acid is thus el
Na,0,80, 4+ H,0,S0, = Na,0,280, + H,0.
sisulphate of sodium, on being distilled in an eathern retort,
up one molecule of anhydrous sulphuric acid, and a residu
al sulphate of sodium will remain in the retort:—
Na,0,280, = Na,0,S0, + SO,.
1. As thus prepared, anhydrous sulphuric acid is a glis
vhite solid mass of silky, crystalline fibres, somewhat re:
' asbestos ; it is tough and ductile, and can be moulded
ingers like wax. So long as no water is present, it ca
led without danger ; when perfectly dry, it is not corrc
loes it even react upon blue litmus. It unites with w
:ver, with great avidity, and is converted into common
ic acid. It rapidly absorbs water from the air and
ces ; at the same timeit forms dense fumes; for it is vol
very considerable extent, at the ordinary temperature
-apor combines with the moisture of the air. On |
ght in contact with a small quantity of water, it com
. it with explosive violence, and much heat is evolved.
of it be thrown into a large quantity of water, the
'8 a8 if a hot iron had been thrust into it. Owing t
t tendency to deliquesce, the solid acid can only be pres
ry tubes sealed at the lamp.
he specific gravity of anhydrous sulphuric acid is 197
ts readily upon being heated ; but it has been noticed
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some samples melt far more easily than others. There appear
to be two distinct varieties of the acid; for in some cases a tem-
perature of 18° is sufficient to render the mass fluid, while in
others the heat must be carried even to 100°. The easily fusible
modification appears to change gradually, by keeping, into that
which is more difficultly fusible; and the latter seems to be
changed to the former by distillation. The melted acid boils at
about 35°, and evolves a colorless and transparent vapor, three
times as heavy as air, which, upon coming in contact with the
air, unites with moisture and forms dense white fumes. When
brought in contact with hot lime or baryta (oxide of calcium and
oxide of barium), it unites with them directly; intense heat is
evolved, and there is formed sulphate of calcium or sulphate of
barium :—
Ca0 + SO, = CaSO‘ o= CaO,SO,.

242. On being exposed to a strong red heat, the vapor of an-
hydrous sulphuric acid splits up into oxygen and sulphurous
acid—two volumes of it yielding two volumes of sulphurous acid
and one volume of oxygen. As has been shown in §217, two
volumes of sulphurous acid gas contain one volume of sulphur
vapor and two volumes of oxygen; hence it follows that the
volumetric composition of anhydrous sulphuric acid is one volume
of sulphur vapor and three volumes of oxygen, the whole con-
densed to two volumes. The specific gravity of sulphur vapor is
32, that of oxygen is 16, and the proportions, by weight, in which
sulphur and oxygen are united in anhydrous sulphuric acid, are
consequently 32 and 16 x 3=48, the .combining weight of sul-
phuric acid being 324 48=80. The combining weight of sul-
phuric acid can also be readily determined in a manner analogous
to that employed in the case of nitric acid (§ 73), by saturating
with the common acid a known quantity of oxide of lead,
evaporating off the water and excess of acid, and then determining
the weight of the dry sulphate of lead which is formed. By
subtracting from the latter the weight of the original oxide of
lead, we obtain the weight of the sulphuric acid which has com-
bined with it. Experiment will show that the weight of this
sulphuric acid is to that of the oxide of lead in the ratio of 80
to 223,

02
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ty with which sulphuric acid is decomposed at a
) is the basis of a very economical method of pre;
gns in large quantities for manufacturing-purpos
sulphuric acid is allowed to drop upon fragment:
celain, there to be decomposed, in accordance w

HSO0, = 80, + 0 + H,,

»ducts of the decomposition are then washed w
1at the sulphurous acid may be absorbed, the ste
and the oxygen left free. Here again, as in
riments (§ 10), the oxygen has really been obtai
'; and if it were desirable, the solution of sulphur
:d in washing this oxygen, might be placed in
tbers and again be converted into sulphuric acid
. of oxygen from the air.

sosulphurous Acid (8,0,) has never been obtai
state, nor is any compound of it with water know
wre numerous saline compounds of which it ma
iome of these are of considerable importance in
se salts, called hyposulphites, can be prepared
s,—for example, by digesting sulphur in a hot (
concentrated solution of an alkaline sulphite. If
ium be taken, the reaction can be thus formulatec

Na,0,80, + 8 = Na,0,8,0,.
thod of preparing the hyposulphites is to pass a
phurous acid gas through the solution of an alks
atil no further precipitation of sulphur occurs :—
2CaS -+ 380, = 2(Ca0,5,0,) + 8.

hyposulphite is treated with a strong acid, decor
:diately ensues; 8,0, breaks up into 80,+8; h
y to isolate the acid.

the hyposulphites will be more fully described v
treat of the metals.

ier Compounds of Sulphur and Ozygen—With
f hyposulphuric acid, 8,0,, none of these compo
1 have been very thoroughly studied; any det
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description of the methods of preparing them would be out of
place in an elementary manual.

245. Compounds of Sulphur and Chlorine.—Chlorine and sul-
phur combine with one another directly and readily, forming
several different compounds, whose properties vary in accordance
with the varying proportions of chlorine and sulphur which they
respectively contain,

246. Dichloride of Sulphur (8Cl) is the best-known of the
compounds of chlorine and sulphur, and is often called simply
chloride of sulphur. :

It can be prepared by passing a current of dry chlorine through a
flask or tubulated retort containing flowers of sulphur. The chlorine
is rapidly absorbed by the sulphur, and care must be taken lest the
mass become too hot. The reddish-yellow liquid, obtained as the
. Tesult of the reaction, is a solution of sulphur in dichloride of sulphur;
by distilling it the excess of sulphur can be separated.

Dichloride of sulphur is a yellowish-brown liquid of 1-68
specific gravity, and boiling, without decomposition, at- 144°.
It emits a peculiar odor, which has been likened to that of
sea-plants; its vapor excites tears, and its taste is acid, acrid,
and bitter. It fumes strongly in the air, being decomposed by
the moisture of the air with evolution of chlorhydric acid. Itis
decomposed by water, but can be mixed with bisulphide of car-
bon and with benzine. It is remarkable as a powerful solvent
of sulphur; 100 parts of dichloride of sulphur can take up about
70 parts of sulphur at the ordinary temperature ; on slowly cool-
ing the hot saturated solution, beautiful cryetals of sulpbur are
deposited. Dichloride of sulphur is used in a process of vulcan-
izing caoutchoue, known as the cold process.

241. Chloride of Sulphur (8Cl).—This compound is formed
when sulphur is treated with an excess of dry chlorine, or when
a current of chlorine is passed into dichloride of sulphur; the
dichloride requires some 278 times its own bulk of chlorine gas,
and gbsorbs it very slowly. Chloride of sulphur is a red liquid,
of 1625 specific gravity. It exhales suffocating and irritating
fumes of chlorine and the dichloride, since it slowly decomposes
when kept. The decomposition is particularly rapid in a strong
light; and so much gas is evolved that a tightly-stoppered bottle
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chloride of sulphur will explode, after a time,
1 sunlight. On being heated, the liquid gives ¢
ine at 50° that it seems to boil ; but the temper
ises to 64°, which appears to be, the real boiling-
1. It is slowly decomposed by water.

ity of its vapor has been found to be 53 ; admi
1 is composed of one volume of sulphur vapor an
chlorine, condensed to two volumes of vapor, the
cific gravity of its vapor would be 51-5. In vi
ity of the compound, the experimental result is
ar coincidence with the calculated number to m:
i the composition of the gas is really as above stz
y other compounds of sulphur with chlorine, and
d oxygen, need not here be discussed; and the
lies to the compounds formed by the union of su
, bromine, fluorine, and nitrogen. The compoun
h carbon, phosphorus, arsenic, and the metals w

CHAPTER XIV.

SELENIUM AND TELLURIUM.

180 elements are rare, and of little or no indv
; but to the chemist they are exceedingly intere
of the close resemblance they bear to sulphur.
:nts, sulphur, selenium, and tellurium, constit
h is equally remarkable with that formed by chl
d iodine. (See § 152.)

ium, Se, is never found in any comsiderable.
one place. Traces of it occur in many variet
bur, and in various metallic sulphides. It is
iiefly from the sulphides of irom, copper, and
ides often contain minute traces of selenium, t!
y is sometimes so small that it can hardly be de
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+ by the ordinary methods of analysis. When these sulphides are
burned for the purpose of manufacturing sulphuric acid, or in
metallurgical operations, the selenium goes off with the sulphu~
rous acid produced by the combustion, and is deposited either in
the dust-flues of the furnaces or upon the floors of the leaden
chambers at the sulphuric-acid works. In this way the selenium
from hundreds of tons of the pyritous ores is collected and con-
centrated to a comparatively small bulk. The deposit taken
from the leaden chambers of some sulphuric-acid works contains
as much as from 2 to 10 per cent. of selenium. The methods of
obtaining pure selenium from these deposits are founded upon
the facts that by treatment with nitric acid or aqua regia the
selenium can all be oxidized and converted into selenious acid
(8¢0,), that selenious acid is soluble in water, and that when a
solntxon of it is treated with sulphurous acid, the selenious acid
is reduced and pure selenium deposited.

8¢0, + 280, = 250, + Se.

251. In its properties and in its chemical behavior, selenium
resembles sulphur in many respects, while in others it is like
tellurium. Like sulphur and oxygen, it occurs in distinct allo-
tropic modifications (§§ 162, 196). The precipitate obtained by
mixing solutions of sulphurous and selenious acids is of a deep
red color, almost like that of cinnabar. But, after having been
fused and suddenly cooled, selenium appears as a brilliant black
mass, amorphous, like glass, and of 4-3 specific gravity. When
fused selenium has been slowly codled, it appears as a dark-grey,
very brittle, crumbling mass, of crystalline or granular structure
and a metallic lustre like that of lead; the specific gravity of
this variety is 481. The amorphous or vitreous modification of
selenium does not conduct electricity ; but the granular or crystal-
line variety conducts it, and the more readily in proportion as it
is hotter. The specific heat of selenium, at the ordinary tem-
perature, is 0:0746, being the same for both the vitreous modifi-
cation and that with metallic lustre. The vitreous variety is
soluble in bisulphide of carbon, but the granular variety is in-
soluble in that liquid.

Selenium melts readily upon being heated, and the liquid thus
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ad boils at about 700°, being converted into a dark yell
the specific gravity of which has been found to be &
omic weight of selenium has been determined to be T
screpancy between the vapor-density and the atomic wei
8 ascribed to the imperfection of the experimental det
ons. Of itself, selenium has neither taste nor odor. W]

in the flame of a lamp, it burns with a beautiful t
ind exhales a peculiarly offensive odor, like that of pu
adish,—selenious acid, Se0,, being the chief product of

nium combines with most of the elements, usually in
vay as sulphur, though not always, since it is a wes
:al agent than sulphur; its compounds are as a rule sol
less stable than the corresponding sulphur compou
oxygen it forms selenious acid, SeO,, and selenic a
-analogous to sulphurous and sulphuric acids respectiv
8 these, there is a lower oxide, SeO (?); it is a color
aving the strong and disagreeable odor like horsera
mentioned.

. Both selenious and selenic acids form numerous s:
closely resemble the corresponding sulphites and sulph
position and in many of their properties. Normal selen
1ssium, for example, K 8e0,, cannot be distinguished, b;
al appearance, from sulphate of potassium, K, SO,,—
line form of the two bodics, as well as their texture, cc
istre, being identical. If solutions of these two salts
. neither of the salts can subsequently be crystallized
If when the solution is evaporated; the crystals obtai
+ composed of sulphate of potassium and seleniate of
1 mixed in the most varied proportions. Bodies wl
18 capable of crystallizing together in all proportions, w-
eration of the crystalline form, are said to be isomorp/
ormed). The formule of the two isomorphous salts,
ned, differ only in this—that the one contains the a
ere the other contains the atom 8. It is therefore j
o replace 32 parts by weight of sulphur by 79-5 part
im, or 79-5 of selenium by 32 of sulphur, without chang
ystalline form of the salts; it follows that 32 parts
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weight of solid sulphur, and 79-5 parts of solid selenium, occupy
the same space. That this is actually the case may be shown
by comparing the quotients obtained by dividing the atomic
weights of the two elements by their specific gravities; these
quotients will be found to be equal, or as nearly equal as the
limits of error of the physical determinations involved will per-
mit. The specific gravity of prismatic sulphur is 1:91, or, in
other words, one cubic centimetre of solid sulphur weighs 1-91
gramme; the specific gravity of crystalline selenium is 4-81, or
one cubic centimetre of selenium weighs 4-81 grammes; 32
grammes of sulphur will, therefore, occupy %’i=16'75 cubic

centimetres ; 79-5 grammes of seleninm will occupy ;:—:"-:=l&53
cubic centimetres. What is true of grammes, is true of any parts
by weight, and ultimately of the atoms. This quotient, obtained
by dividing the atomic weight of an element by its specific gra-
vity, is called the atomic volume of the element ; it must be borne
in mind that the standard of specific gravity for liquids and solids
is water, for gases hydrogen, and, therefore, that the atomioc
volume of a solid or liquid must not be directly compared with
that of a gas. Two elements whose atomic volume is the same can
be exchanged in their compounds without alteration of crystalline
form, precisely as a brick or stone taken out of a wall can be
replaced by another of the same size and shape without changing
the form of the wall.

253. With chlorine, selenium forms two compounds, 8eCl and
8eCl,, the first of which is analogous to dichloride of sulphur,
With hydrogen it forms a compound, H Se, called selenhydrio
acid, or seleniuretted hydrogen, which is perfectly analogous to
sulphuretted hydrogen, H,8, but possesses a still more disagree-
tble odor. In its action upon solutions of the metallic salts, upon
metals and metallic oxides, selenhydric acid behaves like sul-
phydric acid, & selenide of the metal being always formed.

254. T'dllurium (Te) occurs in nature even more rarely than
selenjum. Sometimes it is found in the free state, hut more ge-
nerully in combination with the heavy metals, such as gold, silver,
lead, copper, and bismuth. It is one of the few elements with
regard to which chemists have, at times, been in doubt whether
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ey should be classed as metals. Many of its physi
are similar to those of the metals, and it particularly 1
ie metal antimony ; but it is so intimately related to s
selenium in its chemical properties, its crystalline for
of occurrence in nature, that it is now almost alw:
a member of the sulphur group.
ellurium is of a silver-white color and glittering n
'e. It is hard and brittle, and crystallizes very easily
drons. It is a bad conductor of heat and electrici
ic gravity is 6:2; its specific heat is 0-04737, and
ight 128. It melts at a temperature somewhat ab
1g-point of lead, and is volatile at a full red heat,
ng of a yellow colour, like that of selenium. W1
the air, it takes fire, and burns with a greenish-b
1ous fumes of tellurous acid, TeO,, being at the sa
i
he compounds of tellurium and oxygen (tellurous ac
. telluric acid, TeO,) are analogous fo sulphurous
acids. By uniting with metallic oxides, they form :
lts, analogous to, and isomorphous with, the correspo:
»unds of sulphur and selenium. 8o, too, the hydro,
|, H,Te, is analogous to sulphuretted and seleniuret
, in composition and properties. With the metal:
ectly to form tellurides. There are chlorine compou
| and TeCl,.
he close relationship which subsists between sulphur -
18 been already alluded to, as well as the many po
’lance between sulphur, selenium, and tellurium;
i therefore now prepared to recognize the fact that
ulphur, selenium, and tellurium we have another gn
of elements, as intimately and naturally related to e
re the members of the chlorine group. (See § 152.)
en at a glance that in passing from oxygen, at one
ies, to tellurium, at the other, we meet with the s:
m of physical and chemical properties that was
» in passing from chlorine to iodine. The propertie:
18 compounds formed by the union of the member
wur group with other elements exhibit the same k
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of progression ; that these compounds are of analogous composi-
tion has been shown in the preceding paragraphs.

With hydrogen the members of the sulphur group unitein the
proportion of two atoms of hydrogen to one atom of the other
element ; thus, HO, H,S, H,Se, H,Te. This peculiar relation
to hydrogen is an important characteristic of the group.

In this sulphur group, precisely as in the chlorine group, the
relative chemical power of each element in the family is great
in proportion as its atomic weight is low (§ 153); oxygen is, as
arule, stronger than sulphur, sulphur than selenium, and selenium
than tellurium, their atomic weights being respectively :—

0 = 16,8 = 32, Be = 79-5(807), Te = 128.

CHAPTER XV.
OOMBINATIORSBY VOLUME.,

258. A comparison of the formulee representing the volume-
tric composition of all the well-defined compound gases and vapors
which have been thus far studied, will bring into clear view some
of the general facts relating to combination by volume.

It has been established, by experiment, that the following com-
pounds are formed by the chemical union, without condensation,
of equal volumes of the two elements which enter into each com-
pound :—

o e i 3B
Hyldvo + ioegll‘e = Jlodoh ?21'; Acid , or ﬁl +127= gls
Mg Q- VS e §e8- 1

Tt has further been demonstrated that the following compounds
of two elements contain two volumes of one element and one
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lume of the other, but that these three volumes are condense
wring the act of combination, into two volumes :—

PE e - fom e Feg-T
s S < SRIEAN o, £
g S - SR o T 8 S

Shlorine Oxygen _ Hypochlorous Acid Cl,, 0 _CIC
2vols, T 1vol 2vols. '°F M t18= &1

T - QU - R e g -
W, Qe o SdmmAdd o Soy O =
e QU - A o G-

Lastly, still a third mode of combination by volume with co:
ensation of four volumes to two has been thoroughly studied
1e cuse of ammonia, and has been further illustrated in the cor
osition of anhydrous sulphuric acid :—

Nitrogen , Hydrogen _ =~ Ammonia N , H, _NH
lvol. + Bvols ™ 2vols. 1F 14t =7
Sulphur Oxygen Sulphuric Acid S , 0, _ SO
1 vol. 8vols. = 2vols. 'O 33+ 48 = &0

Throughout these tables the unit-volume is, of course, the sar
r every element and compound. What the absolute bulk
1is unit-volume may be, is not an essential Yoint ; for the rel
ons remain the same, whatever the unit of measure. Sor
hemists have thought that an advantage was gained by usi
1e bulk of one gramme of hydrogen at the ordinary pressu
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and temperature, viz. 11-2 litres, as the unit-volume, while others
prefer to use the litre itself as the unit.

Three condensation-ratios are exhibited in these tables. In the
first the condensation is 0 ; in the second it is 4, and in the third
itis4. The typical character of the three compounds, chlorhy-
dric acid, water, and ammonia, is also clearly brought out ; each
of these bodies represents a group of compounds which obey the
same structural law. The tables also show very clearly the fact
that very unequal weights of the compounds tabulated occupy
equal spaces, under the same conditions of temperature and pres-
sure. The space occupied by the compound molecule is, in each
case, exactly twice the unit-volume.

259. The symbols H, Cl, O, and N represent the relative
weights of the same volume of four elements which are gaseous
at common temperatures and pressures; the symbols Br, I, 8,
and Se, represent the relative unit-volume weights of four other
elements which are not gases under the ordinary atmospherie
conditions, but which can be converted into gases at a higher
temperature. At this higher temperature their unit-volume
weights have been experimentally determined, and from these
observed volume-weights, the unit-volume weights which they
would possess at the ordinary pressure and temperature have been
deduced. The symbols of these eight elements, therefore, repre-
sent at once the combining weights and the relative weights of
equal volumes (specific gravities) of these substancesin the gaseous
state. In the present state of the science, these eight symbols
are the only ones of which this can be affirmed ; tellurium would
undoubtedly make a ninth, if the relative size of its combining
weight had been experimentally determined, but until this deter-
mination has been made, the symbol Te represents only the com-
bining weight of the element, and not its equal-volume weight as
well,

The relative sizes of the combining weights of four other ele-
ments in the state of vapor, have been experimentally ascertained.
These four elements are arsenic, phosphorus, cadmium, and mer-
cary. 'When we come to study these elements, we shall find that
the symbols of arsenic and phosphorus, namely, As and P, repre-
sent only the half-volume weights of these two bodies, while the
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bols of cadmium and mercury represent the two-volu
thts of these volatile metals. Coincidence of the combini
‘ht and the volume-weight has been established for ei
ents; discrepancy between the combining weight and
me-weight has been proved for four elements; of the

1ing elements, constituting more than four-fifths of the wh
ber, the equal-volume weights are wholly unknown, in
h as these elements have never been converted into va
ir conditions which permit the experimental determinatios
equal-volume weights of their vapors. For example,
s0ls Na and K represent the combining weights of these |
is; but they can be held to represent the weights of
-volumes of these metals only by pure assumption, or,atb
he uncertain evidence of analogies, since the unit-volu
hts of these metals, when converted by intense heat i
s, have never yet been determined. As the great major
1e known elements cannot be volatilized, or made gaseous,
arighest temperatures as yet at our command, under conditi
*h permit the chemist to experiment with the gases produc
plain that composition by weight is, in the present state
iistry, of far greater practical importance than composition
me. The symbols of all the elements represent their co
1g weights, as determined by ponderal analysis ; the syml
ght elements represent also the equal-volume weights of
tances they stand for. These eight elements, though few
ber, are nevertheless the leading elements in inorga
istry.

j0. The volume of the molecule of every compound gas in
e tables is twice that occupied by the atom of hydrogen. I
mes of compound gas invariably result from the chem
’ination of one volume of hydrogen with one volume of ch
of two volumes of hydrogen with one of oxygen, of th
mes of hydrogen with one of nitrogen, and these instan
»ut types of large classes of chemical reactions. In orga
ristry the same law holds good for a great multitude of co
ted compounds of carbon; the molecule of every orga
»ound in the state of vapor occupies a volume twice as la
aat occupied by an atom of hydrogen, or, in other wor
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twice the unit-volume. This doubled volume is often called the
normal or product-volume of a compound gas. S8ince the com-
bining weight of a compound gas or vapor occupies two unit-
volumes, it is obvious that the weight of one volume, which is the
specific gravity of the gas or vapor, is deduced from the combining
weight by dividing the latter by two. The specific gravity of a
compound gas or vapor is, therefore, one-half its combining weight.

261. Molecular condition of elementary gases.—Bearing in mind
our definitions of atom and molecule (§§ 38, 39), let us inquire
what inferences concerning the molecular condition of simple
gases in a free state can be legitimately drawn from our know-
ledge of the molecular condition of compound gases. To give
definiteness to our conceptions, let us assume the unit-volume of
the elements to be one litre; the product-volume of a compound
will then be two litres. Two litres, the product-volume, of chlor-
hydric acid gas are made up of one litre of hydrogen and one
litre of chlorine, united without condensation, and each molecule
of chlorhydric acid must contain at least one atom of hydrogen
and one of chlorine. In these two litres of chlorhydric acid there
must be some definite number of molecules ; the number is, of
course, indeterminable ; but let us assign to it some numerical
value, say 1000, in order tc give clearness to our reasoning. One
litre of chlorhydrie acid will then contain 500 molecules, and since
equal volumes of all gases, whether simple or compound, are
assumed to contain, under like conditions, the same numbers of
molecules (§ 39), one litre of hydrogen or of chlorine will also
contain 500 molecules. But the one litre of hydrogen and the one
littee of chlorine, which, by uniting, produced 2 litres =1000
molecales of chlorhydric acid, must each have contained 1000
atoms of hydrogen and of chlorine respectively, for each molecule
of chlorhydric acid demands an atom of hydrogen and an atom of
chlorine. The litre of hydrogen, or of chlorine, then, contains
500 molecules, but 1000 atoms,—each molecule of the simple gas
being made up of two atoms of the single element, just as each
molecule of the compound gas under review is composed of two
atoms, one of hydrogen and one of chlorine. It is clear that this
train of reasoning is independcnt of the particular numerical
value assumed as the number of molecules $a two litres of chlor-
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sek out and collect the traces of phosphor
exist in the soil ; the herbivorous animals
e the phosphorus which has been accumula
from the bones of animals chemists and ma
10 phosphorus of which they stand in need.
d sulphur, phosphorus occurs in several dist:
tions. Of these, the best-known are called
y phosphorus and red phosphorus.
phosphorus, when perfectly pure, is a trs
rax-like solid of 1-8 specific gravity, which, w
an odor like garlic, though under ordinary c
is overpowered by the odor of ozone, which
ly stated (§ 164), is developed when phosph:
air. It unites with oxygen readily, even at
wure of the air, and with great energy at so
eratures (above 60°); when in contact with
undergoing slow combustion. ‘
oughly wash a piece of phosphorus by rinsing
1antities of water ; place it, for a moment, up
i1, in order that a portion of the water adherin
, then lay it upon a clean porcelain capsule, ar
@ against it a slip of blue litmus paper. Ina
Jlor of the paper will be changed to red ; for the
tion of phosphorus are acid, and they are fo

aure of the slowly burning phosphorus be slig
vay, the mass will burst into flame and be ra;
count of this extreme inflammability, phosph
ept under water ; it is best also to cut it u
me heated to the kindling-point by the wa
7 friction against the knife. When wantec
us is taken from the water and dried by g
sn pieces of blotting-paper.

ust always be handled with great caution
3, it is exceedingly difficult to extinguish it,
3 to burn upon the flesh, painful wounds ar
exceedingly diffjeult to heal. Whenever }
roken, care must likewise to taken that no
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fragments of it fall unobserved into cracks of the table or floor,
where they might subsequently take fire.

Ezp. 107.—Nip a piece of phosphorus, as large as a small pea, be-
tween two bits of wood, in such manner that a part of the phosphorus
shall project below the wood ; rub the phosphorus strongly upon a sheet
of coarse paper; it will take fire at the temperature developed by the
friction.

\264. On account of this easy inflammability by friction, phos-
phorus is extensively employed for making matches. The matter
upon the end of an ordinary friction match usually contains a
little phosphorus, together with some substance capable of sup-
plying oxygen, such as red-lead, black oxide of manganese, salt-
petre, or chlorate of potassium. The phosphorus and the oxidizing
agent are kneaded into a paste made of glue or gum, and the
wooden match-sticks, the ends of which have previously been
dipped in melted sulphur, are touched to the surface of the phos-
phorized paste, so that the sulphured points shall receive a coating
ofit. The sulphur serves merely as a kindling material which,
88 it were, passes along the fire from the phosphorus to the wood.
By rubbing the dried, coated point of the match against a rough
surface, heat enough is developed to bring about chemical action
between the phosphorus and the oxygen of the other ingredient,
combustion ensues, the sulphur becomes hot enough to take on
oxygen from the air, and finally the wood is involved in the play
of chemical force.

Ezp. 108.—Put a piece of phosphorus, as big as a grain of wheat,
upon a piece of filter-paper, and sprinkle over it some lampblack or
powdered bone-black. The phosphorus will'melt after a time, and will
finally take fire. As will be more fully explained hereafter, under
carbon, the porous, finely divided lampblack has the power of absorb-
ing and condensing within its pores much oxygen from the air; heat
is developed by the act of condensation, and, at the same time, oxygen
18 brought into very intimate contact with the phosphorus, particularly
with the vapor of phosphorus which is condensed by the lampblack
together with the oxygen, so that chemical action soon results, and
ultimately fire. Both the lampblack and the paper are bad conductors
of heat; they prevent the phosphorus from losing the heat developed
by the condensation and by the slow action of oxygen.

It is remarkable that when dry phosphorus, in very thin slices, is-

v2
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‘eathers, wool, lint, flannel, dry wood, or other non-
nces, it quickly melts, and readily inflames upon
m, heat enough being produced by the slow combu
rus to fuse it, if only this heat can be retained by :

» ordinary temperature of the air, and still 1
higher temperatures, phosphorus shines wil
o light, as may be seen by placing the phospt
hence the name, phosphorus, from Greek words
bearing. This phosphorescence is seen wher
ion-match is rubbed against any surface in a
1gh the phenomena of phosphorescence and of o
combustion, occur simultaneously when phospt
the air, it does not appear that the phosphores
ice of the oxidation ; for phosphorus shines not
; also when placed in an atmosphere of pure hy
ren, or carbonic acid, or even in a vacuum, th
ted by phosphorus in these inert gases is of diff
om that developed in presence of oxygen.
varm weather phosphorus is soft and some
1ay then be bent without breaking, can be scrat
ind cut with a knife like wax ; but at 0° it is br
a crystalline fracture when broken. It mel
a viscid oily liquid, which boils at about 290°
nto colorless vapor. Phosphorus can readily b
ort filled with some inert gas, like hydrogen,
nic acid. The specific gravity of its vapor has
21, Contrary to all our previous experience,
sity of phosphorus is not identical with its af
at which will be discussed when the compoun
1d hydrogen are treated of.

eated to about 230° out of contact with air,
o red phosphorus. (See Exp. 111.) By exp
phosphorus undergoes a certain amount of cha
rely seen in the perfectly colorless, transparent
it exhibits when recently prepared and pert
'hosphorus of commerce is usually of a light an
1 kept for some time under water, phosphoru
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comes covered with a white opaque coating, which appears to be
a result of the oxidizing action of air held in solution by the
water ; the surface of the phosphorus is irregularly corroded by
this dissolved oxygen, and is thus roughened and made opaque,
in much thesame way that the transparency of glass is destroyed
by grinding one of its surfaces. It is noticed, for that matter,
that the water in which phosphorus is kept soon becomes strongly
acid ; for it dissolves the oxygenated compounds which are pro-
duced by the action of the dissolved air upon the phosphorus.
The specific heat of solid phosphorus is 0-1788; of liquid phos-
phorus, 0-2045. It is a non-conductor of electricity, both in the
solid and in the liquid state.

~UFhosphorus is insoluble in water, but is somewhat soluble in
ether, petroleum, benzine, oil of turpentine, and other oils; it
dissolves abundantly in bisulphide of carbon, in chloride of sul-
phur, and in sulphide of phosphorus.

Ezp. 109.—Pour mto a phial of the capacity of 80 or 90 c. c., 10
or12c c of bmulplnde of carbon, and throw into this liquid a bit of
phosphorus as large asa pea. Cork the phial, and shake its contents,
8t intervals, until the phosphorus has dissolved. Preserve the soluﬁon
for use in subsequent experiments.

267. From the solution in chloride of sulphur and from that in
sulphide of phosphorus, crystals of phosphorus, usually in the
form either of regular octahedrons or of rhombic dodecahedrons,
can be obtained ; but, owing to the slowness with which phos-
phorus passes from the liquid to the solid state, distinct crystals
cannot readily be prepared by the method of fusion, unless a
comparatively large quantity of phosphorus be operated upon.

268. When a solution of phosphorus in ether, or, better, in
bisulphide of carbon, i poured upon the surface of any porous
substance and left to evaporate in the air, the volatile solvent will
quickly escape, leaving the phosphorus behind in a very finely
divided condition. In proportion as a substance is more finely
divided, the greater will be the surface which it presents to the
oxygen of the air, and the more readily will it combine with this
otygen. In the case before us, the comminuted phosphorus ab-
sorbs oxygen very rapidly, and this chemical action is attended
with the evolution of so much heat that the phosphorus will take

ﬁ‘
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material dpon which it has been deposited is s |
f heat. '

.—Pour some of the solution of phosphorus obtaine
pon a sheet of filter-paper, and hang the paper upon
in such manner that the bisulphide of carbon may fr
The paper will soon burst into flame. It will be not
er is not completely consumed, but that a very consider
irtbon remains unburned. This depends upon the fact!
: of the combustion of the phosphorus, phosphoric a
ers the paper with a varnish which is not only incombust
t is quite impervious to air.

" bisulphide of carbon, this experiment can be perfor
rereal solution of phosphorus, prepared in the manner
xp. 109, excepting that common ether is substituted
de, and that the mixture is left to digest for a day or t

dinary phosphorus is a violent poison, a few decigr:
eing sufficient to destroy human life. It is the effic
of many preparations used for poisoning rats, cc
d other vermin. Phosphorus evaporates rather fr
nary temperature of the air; and the vapor has b
» exceedingly injurious to persons constantly exp:
s makers of friction matches are subject to a horr
sease, one of the symptoms of which is the destruc
1 of the jaws.

1en phosphorus burns with flame in free air, two at
. with five atoms of oxygen, and there is formed
of P,O,; this highest oxide of phosphorus is ca
acid. This compound occurs in bones, and fron
iis prepared. Bone-earth, that portion of bones w]
ser all the organic matter has been burnt off in
3 mainly of triphosphate of calcium, Ca,P,0,.
tain phosphorus from bone-earth, the calcium and
st both be removed ; the calcium is removed by m¢
c acid, the oxygen by means of hot charcoal. B
to a white ash (calcined, as the term is), then fir
ind mixed with a quantity of dilute sulphuric a
aric acid removes two of the atoms of calcium
aate of calcium, while there remains monophosphat

o

.
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caleinm (superphosphate of lime) in accordance with the follow-
ing reaction :—

Ca,P,0, + 2H S0, = CaHP0, + 2CaSO,
It will be remembered that one atom of calcium replaces two
atoms of hydrogen. (See p. 89.)

The solution of monophosphate of calcium is then filtered off
from the insoluble sulphate of calcium, and evaporated to the
congistence of syrup ; the syrup is mixed with powdered charcoal,
and the mixture dried at a dull red heat; by this means a quan-
tity of water is expelled from the monophosphate :—

CaH,PO, = CaP,0, + 2H,0.

4378
The porous dry mixture is finally placed in retorts of fireclay
and intensely ignited. At high temperatures, charcoal is a
powerful deoxidizing agent; it takes away oxygen from the
phosphate of calcium, and forms carbonic oxide, which goes off
as 8 gas; phosphorus is thus set free, and distilling over into an
appropriate receiver, is condensed under cold water, a quantity
of triphosphate of calcium is at the same time reproduced and
remains in the retort ;—
3CaP,0, + 10C = 10CO + 4P 4 Ca,P0,.
If a quantity of sand (silicic acid) be added to the mixture of
charcoal and monophosphate, the whole of the phosphorus can
be expelled,—the phosphate of calcium, which would otherwise
escape decomposition, being entirely converted into silicate of
calcium,
2CaP,0, + 28i0, 4+ 10C = 10C0 4 4P 4 2CaSiO,.

Another propoeed method is to pass chlorhydnc acid gas over 8
mixture of bone phosphate and charcoal, maintained at a red
heat, in & cylinder of fireclay. By this means all of the phos-
phorus is set free and chloride of calcium remains :—

Ca,P,0, + 8C 4 6HCl = 3CaCl, + 8CO 4+ 6H + 2P.
The crude phosphorus thus obtained is remelted, and purified by
filtration, redistillation, and by chemical tréatment with a mixture
of bichromate of potassium and sulphuric acid, which oxidizes
the principal contaminations. The purified phosphorus is finally
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d and cast into the sticks or cakes in which it is foun
ce.

Red Phosphorus.—This remarkable allotropic mods
phosphorus is a body as unlike ordinary phosphon
spects as could well be conceived. It is of a scarlef
:as neither odor nor taste, is not poisonous so far

i8 not phosphorescent, does not take fire at ordinary
es, is insoluble in bisulphide of carbon, and in ges
y altogether differently from the ordinary modifica
8 no difficult matter to change one of these modifica
e other. For example, if red phosphorus be heatx
'60°, in an atmosphere of nitrogen, or other inert ga
s into the condition of ordinary phosphorus without ur
iny alteration of weight, or, in other words, withouf

or disengaging anything.
111.—In a narrow glass tube, No. 6, about 30 c.m. long
1 one end, place a quantity of red phosphorus aslarge asa
:at the phosphorus gently over the gas-lamp, and note t
te of a light-colored substance is quickly deposited upo:
1Is of the tube a short distance above the heated portion.
lored sublimate is ordinary phosphorus, as may be show
off the tube just below the sublimate, after the glass has

to cool, and then scratching the coating with a piece of -
ing will take fire. The air in the narrow tube employed i
f its oxygen by the combustion of a small portion of the
at the moment of its transformation from the red to the ord
n; the remaining phosphorus is thusenveloped in nitroge:
cted from further loss.

Red phosphorus is itself neither volatile nor inflamm
er rises as vapor nor inflames at temperatures lower
he point at which it changes into ordinary phosphorus

suffers no alteration. As compared with ordinary |
, it may be said that red phosphorus can be ha
t danger, and that it may be kept in bottles wi
precautions, since it is not liable to take fire by mod
.; but by powerful friction heat enough may be evols
. it into ordinary phosphorus, and if it be even moder

by friction, or in any other way, in contact with axid
it instantly bursts into flame
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Erp. 112—In order to observe the comparative difficulty of infla~ .
ming red phosphorus, lay an inverted cover of a porcelain crucible upon
an iron triangle upon the lamp-stand ; place upon the cover, which may
be 156 c.m. wide, a emall bit of ordinary phosphorus, and, at a distance
of 12 c.m., the same quantity of red phosphorus; heat the cover gently
and gradually over the gas-lamp. The ordinary phosphorus will soon
inflame and burn away ; but a considerable space of time will elapse
tefor: the red phosphorus takes fire.

By operating in vessels filled with nitrogen, or some other gas which
had no chemical action upon phosphorus, the precise temperature at
which the red phosphorus ceases to exist,can be noted, and the ordi-
nary phosphorus obtained from it can be distilled over and collected.

273. Red phosphorus has been obtained in crystals by dissolving
common phosphorus in melted lead, and subjecting the fluid mass
to a high temperature for several hours in closed tubes. When the
lead cools, the phosphorus separates in thin crystals, which have
a metallic lustre and a black color; the crystals, however, trans-
mit a yellowish-red light, and the thinnest of them appear, not
black, but red. These crystals of red phosphorus are generally
enveloped in the lead ; but the lead may be mostly dissolved away
by dilute nitric acid, and the phosphorus crystals may thus be
obtained in a condition of comparative purity. They are not
affected by expobure to the air. These crystals are seen under
the microscope to be rhombohedrons ; so that phosphorus, like the
succeeding members of the family of elements to which it belongs,
is dimorphous, presenting forms both of the monometric and hexa-
gonal systems. ‘

The red variety of phosphorus has been not inaptly called
metallic phosphorus, crystallized in the crystals just described, and
amorphous in the usual form of red phosphorus. The crystallized
metallic phosphorus is less volatile, and has a higher specific
gravity than the amorphous. The power of the so-called metallic -
phosphorus to conduct electricity is small, if compared with that
of the common metals, but it is very much greater than the con-
ducting-power of colorless phosphorus, for this latter substance is
generally classed with the insulators.

The specific gravity of amorphous red phosphorus is 2:14; its
specific heat is 0°1698. When dry, it undergoes no change at the
ardinary temperature of the air; but in moist air it oxidizes very
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i8 easily soluble in nitric acid, which oxidizes it ; s
auch more readily dissolved than ordinary phosphor
an be purified from any contamination of red ph
digesting it at a gentle heat in dilute nitric acid.
torphous red phosphorus is prepared by maintaini
10sphorus, for some time, at a temperature of 230°
r under water in an air-tight vessel, or in an atr
yme gas which has no chemical action upon phosphor
ifactured upon the large scale by heating ordin:

in a cast-iron vessel provided with a gas delivery-t
o mercury outside the vessel,in such manner that, w]
led air and some escaping vapors of phosphorus
o air can enter the vessel. About 200 kilos. of ph
taken for a single charge; this quantity of phosphc
ied during ten days or more, as nearly as may be
ature of 240°, care being taken that the heat shall
1uch exceed this limit. Under these conditions,
hosphorus slowly changes into the red variety. A
orus has been exposed during the time which the |
rience of the manufacturer has shown to be most adv
1e apparatus is allowed to become cold, and the tra
sphorus is found adhering to the sides of the vessel
of a hard, brittle, brick-colored coating, which can
iy means of hammer and chisel, after covering it v
; is ground to powder under water, and any parti
y phosphorus which have escaped change are remc
7 means of bisulphide of carbon, or by a solutio
la, which dissolves ordinary phosphorus without ac
ed modification.

:d phosphorus is employed, to a certain extent, a
) the so-called safety-matches. Such matches con
corus in themselves, and will not take fire readil
on an ordinary rough surface, though they burst.
mce when rubbed upon a surface specially prep:
hosphorus. The matter upon the tips of safety-mat

a mixture of chlorate of potassium and sulphid
made into a paste by means of glue; the surface u

match is to be rubbed is composed of red phospha
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black oxide of manganese, and glue. In favor of the use of red
phosphorus for matches are the facts, that, unlike ordinary phos-
phorus, it is not deleterious to the workmen who have to deal
with it, and that it is far less liable to be set on fire by accidental
friction. For these reasons, the manufacture of safety-matches
has been encouraged by the governments of several European
countries, and such matches are now much used in France and
upon other parts of the continent, though they are manifestly less
convenient, in several respects, than the ordinary matches, which
can be ignited by friction upon any rough surface.

\ 276. Phosphorus combiries readily with many other elements
besides oxygen. The ordinary modification of phosphorus com-
bines violently with sulphur at temperatures near the melting-
point of sulphur, the act of combination being attended with vivid
eombustion and loud explosion. Red phosphorus, on the other
band, does not combine with sulphur at temperatures lower than
230°, and the combustion, though rapid, is not explosive. With
chlorine, bromine, and iodine, ordinary phosphorus unites directly
st the ordinary temperature of the air, the combination being
rapid and attended with inflammation. Red phosphorus also
unites with chlorine, bromine, and iodine at the ordinary tem-
perature ; and much heat is evolved during the act of combination,
though the amount of heat is usually insufficient to produce
ignition.

Phosphorus unites directly with most of the metals also; and
several of the compounds thus formed closely resemble the so-
called alloys, or compounds of one metal with another. With
bydrogen it forms several interesting compounds, which will be
described directly. From the remarkable facility with which it
combines with oxygen (§§ 263, 264), it follows necessarily that
phosphorus is a powerful reducing agent. Many oxygen com-
pounds can be decomposed by means of it. When immersed in
the vapor of anhydrous sulphuric acid, phosphorus takes fire after
a time, and combines with the oxygen of the acid, while sulphur
is deposited. Monohydrated sulphuric acid is reduced to sul-
phurous acid, while phosphorous acid is formed :—

8HSO, + 2P = 2H,PO, + 350,
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n of sulphurous acid, on being heated with phosphora
osphorous and sulphydric acids, as follows :—

80, + 4H,0 + 2P = 2H,PO, + HS.
ntly heated with chlorate or with nitrate of potassiur
ther highly oxygenated bodies, like the peroxides of le:
ranese, phosphorus combines with their oxygen so rapid
cplosion ensues ; heat enough to bring about the reactic
wveloped by gentle friction, as when the phosphorus ar
ingredient are rubbed together upon some hard surfac
1 § 264.)

.3.—Provide a bit of ordinary phosphorus, as large as a pir

an equal quantity of red phosphorus; add to each of the
mough finely powdered chlorate of potassium to cover t
18; fold up each of the mixtures tightly and separately in
te of writing-paper; place the parcels, one after the oth
nvil and strike them sharply with a hammer. They wille
a violence.

Jompounds of Phosphorus and of Hydrogen.—There a
1pounds of phosphorus and hydrogen, one gaseous, PF
d, PH,, and one solid, P,H, at ordinary temperature
ous compound, or, rather, the gaseous compound charg
vapor of the liquid compound, is somewhat interestir
+ fact that it takes fire spontaneously immediately
ito contact with the air. '

'4.—In a thin-bottomed flask of about 140 c. c. capacity, p
2 of phosphorus and 115 c. c. of potash-lye of 1:27 speci
btained by dissolving 40 grms. of hydrate of potassium
f water. Pour two or three drops of ether upon the liqu
'k of the flask, then close the flask with a cork carrying a lo
ry-tube of glassNo. 5. Place the flask over the gas-lan
wire-gauze ring of the iron stand, and immerse the end
ry-tube in the water-pan, then gently heat the flask. T
lded to the contents of the flask in order that the last trac
* be expelled from the flask by the vapor which arises fr
y volatile liquid so soon as it is warmed. '

potash-lye becomes hot, small bubbles of gas will be seen
. the surface of the phosphorus, and in a short time lar
f gas will escape from the delivery-tube; each of these bu
+comes in contact with the air at the surface of the wat
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will sportaneounsly burst into flame, and burn with a vivid light end

the formation of beautiful rings of white smoke, if the air be not dis-

turbed by draughts. In burning, the phosphuretted hydrogen is con-

verted into phosphoric acid and water, or, rather, into hydrated phos-

phoricacid ; and of this product the white smoke is, of course, composed.
2PH, 4 80 = H,P,0,.

Ezp. 115.—Place a small inverted bottle full of water over the end
of the delivery-tube from which the phosphuretted hydrogen is esca-
ping, as in Exp. 114, and collect 50 or 100 c. c. of this gas. By single
bubbles pass the gas thus collected into & litre bottle half-full of oxygen
standing inverted upon a shelf in the water-pan. The phosphuretted
hydrogen will burn much more vividly in oxygen than in the air. In
case, however, several successive bubbles of the gas should fail to in-
fiame on coming into contact with the oxygen, the experiment must be
interrupted and the oxygen thrown away, for the introduction of an-
other bubble of phosphuretted hydrogen into this explosive mixture
might set fire to it and so shatter the bottle.

278. The reaction which occurs during the preparation of
phosphuretted hydrogen is chiefly between water and phosphorus.
Phosphorus and water by themselves do not react upon each other,
but when in presence of powerful bases, like soda, potash, lime,
or baryta, water is decomposed by phosphorus with formation both
of oxygenated and hydrogenized phosphorus compounds :—

¥K,0H0) + 8P + 6HO0 = 2PH, + 3(K,0,2H,0,P,0).
Hypophosphite of
Potassium.

Another method of obtaining phosphuretted hydrogen is by
decomposing phosphide of calcium with water.

Erp. 116.—Prepare & number of small balls or sticks of quick lime
by moulding moistened slaked lime into these forms and then drying
snd calcining the product. Select a tube of hard glass, No. 2, close it
st one end, and place two or three pieces of phosphorus as large as
peas at the closed end; fill the tube with the pellets of quick lime,
and put it in a sheet-iron trough above a wire-gauze gas-lamp, in the
manner depicted in Fig. 8. To prevent the melted phosphorus from
flowing against the quick lime, an iron nail may be laid beneath that
part of the trough which is farthest from the phosphorus. Heat to
redness the portion of the tube which contains the lime,and then cause
the vapor of phosphorus to pass over it by cautiously heating the closed
end of the tube with an ordinary gas-lamp. To ensure the success of
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tperiment, that portion of the tube which contains the
must be heated so slowly that none of the phosphoru
uncombined through the lime. After the phosphorus b
riven forward from the closed end of the tube, the open e
»e should be stopped with a cork and the lamps should t
hed ; the tube is then left at rest until it has become cold.
m & piece of the impure phosphide of calcium thus obtair
| into water, it slowly decomposes with formation of hypo
f calcium and disengagement of phosphuretted hydrogen
3 of gas take fire as they reach the surface of the water.
. Besides the spontaneously inflamrlable gas, there is an
r of phosphuretted hydrogen which does not take fi
ntheair. It can be prepared in various ways—for exa
iting hypophosphorous or phosphorous acids (§§ 286, :
icids being resolved by heat into phosphoric acid and |
ted hydrogen :— :

v {%‘tﬁkﬁbﬂoﬁp =%¥>§, E—’I;.%;O,P,i
Cmpirical : 4H =P 3H. .
i ignuﬁi;f:l: 4?3&?0?%,0,) i §11i1,+§1():?ﬁ,0,r
m-inflammable gas is regarded as pure phosphuretted
., the property of spontaneously inflaming possessed b
variety being supposed to depend upon the presen
» portions of some foreign substance; the vapor of 1
wretted hydroger, PH,, produces this effect; on a
non-inflammable gas so small a quantity as —L_th ¢

15,000
f nitric oxide, it acquires the property of inflaming

[A

3> phosphuretted hydrogen gas is colorless and highl
able ;" its odor is fetid, and has been compared to th
| fish ; it is slightly soluble in water, and can be liqu
8 not yet been solidified. Neither the gas nor its solu
ny action on red or blue litmus. It is a powerful d
agent, and is, in general, easily decomposed. Most ¢
, when heated in the gas, combine with its phosphoru:
e its hydrogen, just as we have seen the metal potas
e hydrogen from ammonia. (See p. 77.) This ready
sition of the gas by hot metals is the basis of the meth
ining its composition by weight.



ANALYSIS OF PHOSPHURETTED HYDROGEN. 223

\ 280. Phosphuretted hydrogen is resolved into its two elements,
and the proportional weights of the elements which enter into
its composition are simultaneously determined, by the following
process:—The gas is passed through a hard-glass tube (4,
Fig. 45), filled with eopper turnings and heated to redness; the

Fig. 46.

—_—

copper retains all the phosphorus, and the hydrogen becomes free.
This last gas is carried forward through a second tube, B, filled
with oxide of copper heated to redness; the hydrogen combines
with the oxygen of the oxide of copper, and the steam thus
formed is condensed and absorbed in a third tube, O, filled with
pumice-stone soaked in sulphuric acid. (Appendix, § 15.) The
tabes 4 and O are weighed both before and after the experi-
ment, and the augmentation of weight gives the phosphorus in
4 and the water in O'; from the weight of the water is calcu-
lated the weight of the hydrogen required to produce it. Care
must be taken that the tube A be heated so moderately as not
to distort it, and that nothing be added to its weight by deposi-
tions from the lamp-flames used to heat it. It is also necessary
to fill the tubes with nitrogen gas before beginning the actual
analysis, and to sweep them out with nitrogen at the end. This
operation is easily performed by the aid of a small gas-holder
foll of nitrogen. It has thus been experimentally proved that
any given weight of phosphuretted hydrogen contains 8:57 per
oent. of hydrogen and 91-43 per cent. of phosphorus. Now it
has been determined, as the result of many experiments and of
8 careful collation of the formulee of all known compounds of
phosphorus, that the least proportional weight of this element
which enters into combination is 31, that of hydrogen being 1.

The proportion, 97,43, g.57 = 81:x,




COMPOSITION OF PHOSPHURETTED H

i the value of x, 2:905. The nearest
s discrepancy may be attributed to d
ocess, always specially to be feared i1
here the quantity of one ingredient is
of the other. A loss of matter, o
would amount to only 1 per cent. «
cause an error of more than 11 p
3s. The analysis clearly points to
ating the composition of phosphure
18 for every 31 parts by weight of
s three parts by weight of hydrogen.
srroborated by volumetric analysis. -
'om any measured quantity of phospt
the gas through a tube filled with
neasured, it will be found that, for ¢
ipound gas, three volumes of hydroge
far the composition of phosphur
to be completely analogous to that
point the analogy fails. In amm
of hydrogen are combined with fourt
olumes of hydrogen are united with

form two volumes of the compound
between NH, and PH, were perl
srus-vapor ought to be united with
;m which two volumes of phosphuret
ntain. The densities of phosphorus
ed hydrogen, as experimentally det
not the case. The unit-volume b
»n which weighs 1,

10 weight of 2 unit-volumes of PH, (sp.
t the weight of 3 unit-volumes of hydrc

:re remains for the weight of the phospl

ecific gravity, or relative weight of
orus-vapor, is 62-1, as has been alre:
8 of phosphuretted hydrogen, theref
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hydrogen by weight as the atom of nitrogen weighing 14; but
the volume of the phosphorus atom is only one-half the volume
of the nitrogen atom. The combining weights and the unit-
volume weights of all the elements previously studied have been

_.m; | [

identical; but the combining weight of phosphorus must be
doubled in order to bring it into coincidence with its unit-volume
weight. The volumetric and the ponderal composition of phos-
phuretted hydrogen are both exhibited in the annexed diagram :—
\ 281. This difference be- 1)
tween ammonia and phos-

phuretted hydrogen is com- °

pletely outweighed by the

essential likeness in com- o+ I / PH 34 |
position of these two gases

and by the other striking

analogies exist be-

tween them. one

or more of the en atoms in phosphuretted hydrogen are
replaced by certain’ gréups of elements, which in organic che-
mistry play the part of elements, compounds are obtained which,
like ammonia, neutralize acids and are strongly alkaline. Phos-
phuretted hydrogen itself combines with certain of the acids in
definite proportions. With bromhydric and iodohydric acids, for
example, it forms crystalline compounds whose composition is
represented by the formule PH Br and PH,I,—formule which
are evidently comparable with NH Br and NH I.

282. Liquid Phosphuretted Hydrogen (PH,) may be obtained
by passing the spontaneously inflammable gaseous compound
obtained in Exp. 114, through a U-tube surrounded by a mix-
ture of ice and salt. Under these conditions, the vapor of the
liquid compound, which was diffused in the gas, condenses and
separates. Liquid phosphuretted hydrogen is colorless, has a high
refracting-power, and is not miscible with water. It does not
solidify at —20°; when heated to 30° or 40° it decomposes. It
is exceedingly inflammable, and bursts into flame when brought
in contact with the air; when a small quantity of its vapor is
mingled with combustible gases, such as carbonic oxide, hydro-
gen, or carburetted hydrogen, these gases acquire the property

Q
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spontaneously. When expose
gaseous and solid phosphuretted
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Red oxide of phosphorus can be obtained in larger quantities
by bringing a stream of oxygen gas into contact with phosphorus
melted under hot water.

Erp. 118.—Place about a cubic centimetre of ordinary phosphorus
in the bottom of & conical test-glass, or wine-glass, and pour upon it
hot water enough to half fill the glass; the phosphorus will melt, but
cannot burn, since the water protects it from contact with the air, and
since phosphorus by itself is incapable of decomposing water. By
means of a narrow gas-delivery-tube of glass, conduct a slow stream of
oxygen from a gas-holder to the bottom of the test-glass, so that the
oxygen shall come into immediate contact with and bubble through
the melted phosphorus. The phosphorus will burn with a vivid light
beneath the water; red oxide of phosphorus will be formed, and will
float about in the water, from which it may be separated by filtration.

In the lack of oxygen, air may be forced down upon the phosphorus;
even the impure air blown from the mouth will answer ; but with air
the reaction is less intense than with oxygen: hence, when it is em-
ployed, the experiment had better be performed in a dark room.

Oxide of phosphorus has neither taste nor smell. On being
heated to 350° to 400°, it splits up into phosphoric acid and free
phosphorus, the latter, of course, taking fire in case oxygen be
present.

. 286. Hypophosphorous Acid (H,P,0,=2H,PO,).—This com-
i pound has usually been classed among the oxides of phosphorus,
on the supposition that it might be possible to obtain from it an
anhydrous oxide, of the composition P,0; the oxide in question
has, however, never yet been obtained.
. When ordinary phosphorus is boiled in a solution of caustic
potash, soda, lime, or baryta, water is decomposed, a compound
of phosphorus and hydrogen (§ 278) is formed, and a hypophos-
phite of the alkali employed remains in solution, from which it
may be separated in crystals by cautious evaporation. If baryta
be employed, the reaction may be formulated as follows : —
Empiricel : 3BaH,0, + 8P 4 6H,0 = 2PH, + 3BaH,P,0,.
Dualistic: 3(Ba0,H,0) +- 8P + 6H,0 = 2PH, + 3(Ba0,2H,0,P,0).
By cantiously adding sulphuric acid to the solution of the barium
salt, sulphate of barium is precipitated and hypophosphorous acid
remains in solution :—

Ba‘0,2H,JO,P,O + H,0,80, = Ba0,80, + 3H,;),P‘O.

Q
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same time, to provide means for continually maintaining a suitable tem-
perature within the tube, the phosphorus might all be converted into
pure phosphorous gcid, instead of the various and mixed products
which are actually obtained.

288. Hydrated phosphorous acid, H,PO,, or 3H,0,P,0,, is
readily obtained, though in an impure condition, by exposing
sticks of phosphorus to moist air.

Ezp. 120.—Select a piece of glass tubing, the diameter of which is
80 much greater than that of an ordinary stick of phosphorus, that the
latter can readily be slipped into it ; from this tubing prepare three or
four short tubes 3 or 4 c.m. long, open above and below, but drawn in
at the bottom to such an extent that a stick of phosphorus placed in
the upper part of the tube cannot pass the narrowed portion and fall
out of the tube. In each of these short tubes put & stick of phos-
phorus, and place them all in a glass funnel which rests upon a bottle
standing in a soup plate full of water; over the funnel and bottle place
s tall tubulated bell-jar, from which the stopper has been removed,
and allow the apparatus to stand at rest during several days in a cool
place where no damage can be done in case the phosphorus take fire.

Under these conditions, the phosphorus will slowly oxidize and
waste away (if time enough be allowed if will completely disappear),
and the mixture of phosphorous and phosphoric acids which is formed
will flow down through the tube of the funnel into the bottle beneath.
The mixture thus obtained is often technically termed phosphatic acid.

The object of the glass tubes employed to envelope the sticks of
phosphorus is, to keep the several pieces of phosphorus from touching
one another. If two or three pieces of phosphorus were to be left in
contact, in the air, the heat generated during the oxidation of each
would®be added to that derived from the others, and after a time the
mass would become hot enough to take fire spontaneously. But when
each stick of phosphorus is placed within a glass tube, the heat gene-
nated by its oxidation passes off harmlessly, and a dangerous accumula-
tion of heat is very much less likely to occur than if no such system
of isolation were resorted to.

\ 289. The fact that a collection of fragments of phosphorus is
thus liable to take fire, so well illustrates the theory of spon-
taneous combustion in general, and the precautionary measures
taken in the foregoing experiment to prevent the ignition of the
phosphorus point so clearly to the methods which must often be
cesorted to in order to prevent the spontaneous inflammation of
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y combustible substances, that a few words may b
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heaps of many kinds of bituminous coal also, st:
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the heat evolved becomes at last intense emough to kindle the
coal. Protection from the weather, exclusion of moisture, free
ventilation, and the avoiding of too large heaps are the most
effectnal preventives in this case.

290. Anhydrous phosphorous acid is a white amorphous sub-
stance, which rapidly absorbs water from the air, and when
sprinkled with water, dissolves rapidly with a hissing noise ; it is
volatle, and may easily be driven from one place to another, in
a tube filled with nitrogen (see § 287), by applying a gentle heat.
Being a product of the incomplete combustion of phosphorus, it
is necessarily combustible; when heated in the air, it undergoes
vivid combustion.

Hydrated phosphorous acid is obtsined in the form of reo-
tangular prisms, when the aqueous solution is evaporated at
temperatures not exceeding 200°. The crysipls are deliquescent,
and they gradually absorb oxygen from the eir ; when strongly
heated, they are decomposed into phosphorie acid, and phosphu-
retted hydrogen, and at the same time take fire. The aqueous
solution of phosphorous acid exhibits a strong acid reaction; by
absorbing oxygen from the air, it is converted into phosphoric
scid, quickly in case the solution is ‘dilute, but slowly if it be
concentrated. It is a powerful reducing agent; when heated
with sulphurous acid, it yields phosphoric and sulphydric acids.
Though a very weak acid, it forms salts by combining with thuse
metallic oxides upon which it exerts no reducing action; the
phosphites of the alkalies proper are easily soluble in water, but
the phosphites of calcium and barium can only be dissolved with
difficulty. These salts are more stable than the hypophosphites,
but are all decomposed by heat.

~ 201. Phosphoric Acid (P,0,).—As has been already stated,
this highest oxide of phosphorus is the product of the rapid
combustion of phosphorus in an excess ef air or oxygen.

Ezp. 121.—Dry thoroughly a large porcelain plate, a small porce-
lain capsule, and a wide-mouthed bottle of two litres capacity, by
warming them at a fire; place the capsule upon the plate and put in
the capeule a bit of dry phosphorus of the weight of half a gramme
or thereabouts; light the phosphorus, and cover it at once with the
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3H,0,P,0,. Of these, the terhydrate is, perhaps, the most im-
portant ; it is the substance usually meant when phosphoric acid
is spoken of.

292. Phosphoric acid can be prepared, also, by the oxidation
of phosphorus, or of hypophosphorous or phosphorous acid, or
by the decomposition of some one of its salts, such as the phos-
phate of calcium (bone-earth).

- When phosphorus is heated in dilute nitric acid, of 1'2 specific gra-
vity, the nitric acid gives up oxygen to the phosphorus, nitric oxide and
phosphoric acid are formed, and the latter goes into solution. When
the phosphorus has all disappeared, the solution is evaporated to dry-
ness in order to drive off the nitric acid which was employed in ex-
cess, and there is obtained a quantity of the monohydrated glacial
acid.

A product less pure than the acid prepared by means of nitric acid,
is obtained by neutralizing a solution of monophosphate of calcium,
prepared from bones in the manner already described when treating
of the preparation of phosphorus (see § 270), with carbonate of am-
monium, evaporating the filtered solution of phosphate of ammonium
1o dryness and heating the residue to low redness. Ammonia is ex-
pelled and glacial phosphoric acid remains.
~293. It is a remarkable fact that each of the three different
hydrates of phosphoric acid possesses properties peculiar to itself,
and unlike those of the other two ; in fact, each of the hydrates
must be regarded as a distinct acid. The monohydrated or
glacial acid, H,0,P,0,, i usually called metaphosphoric acid;
the bihydrate, 2H,0,P,0,, is called pyrophosphoric acid; and
the terhydrate, 3H,0,P,0,, is commonly spoken of as ordinary
phosphoric acid, or simply as phosphoric acid. The three hy-
drates are sometimes distinguished as a phosphoric acid (meta),
b phosphoric acid (pyro), and ¢ phosphoric acid (ordinary).
These different hydrates of the acid retain their peculiar cha-
racteristics for a considerable time when dissolved in water,
though the mono- and bihydrates change, after a while, to the
terhydrate ; and in combining with metallic oxides to form salts,
they unite with 1, 2, or 3 molecules of the oxide, accordingly as
they themselves contain the elements of 1, 2, or 3 molecules of
water. There are thus formed three distinct series of salts, each
of which corresponds to one of the hydrates, as is eeen in the
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g formule, where M stands for any metal which habi
aces one atom of hydrogen.

‘rated Acid. Bihydrated Acid. Terhydrated 4
\,P,0, 2H,0,P,0, $H,0,P,0,
),P,0, 2M,0,P,0, 3M,0,P,0,

phate of M. Pyrophosphate of M. Phosphate of

wvior is very different from that of the hydrates of ni
|phuric acid; when either of the hydrates of nitric
iple, is made to combine with a base, like soda, ther
always ome and the same salt, nitrate of sodium.
the three series of salts formed by phosphoric s
| exhibits peculiar properties. A salt of the forn
0, will behave very differently towards many reag
salt containing the same metal but in the proport
)y, or 2M 0,P,0,. As an example of the kind of
here alluded to, it may be mentioned that, while m
ric acid, on being added to a solution of albumen,
e albumen to coagulate, no such coagulation can
about by either pyrophosphoric acid or the ordinary
Metaphosphoric acid gives a white precipitate w
ion is mixed with a solution of nitrate of silver by ei
ther hydrates, unless they are first neutralized with
1 which event a white precipitate is produced by p;
ric acid, and a yellow precipitate by the ordinary s
sculiarities will be examined in detail when we com
the phosphates of sodium in the chapter upon sod
sompounds.
the formule given in the above table, it is apparent
sphoric acid is a monobasic acid, that pyrophosphoric
¢, and that ordinary phosphoric acid is terbasic. S
the atoms of M, in either of the formuls, can be
y an equivalent atom of any other metal, or by hydro;
¢s that the composition of some of the salts of pl
cid is rather complex ; thus thereis a phosphate of po
d sodium of the composition (K,0,Na,0,H,0)P.0,

-
ugh we have here studied the acids which contain pl
oxygen, and hydrogen, as if they were in reality comps
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of water and the anhydrous oxide of phosphorus, as the manner of
their derivation would suggest, yot it must not be forgotten that
we have absolutely no knowledge of the actual structure of the
molecules of these compounds, and that the empirical formule
HPO,, HP,0,, and H,PO, express all that is absolutely known
of their composition.
™ 294. In whichever way prepared, and in all its varieties,
phosphoric acid is a very strong acid. Although a less powerful
agent, at the ordinary temperature, than sulphuric acid, yet, from
being much less volatile than sulphuric acid, it can expel the
latter, and most other acids, from their compounds on being
heated with them. The behavior of the two acids towards cal-
cium, or its oxide, furnishes an instructive example of the influence
of extrinsic or physical circumstances upon the play of the chemi-
cal force. When triphosphate of calcium (Bone-earth) is treated
with dilute sulphuric acid at the ordinary temperature, a quan-
tity of phosphoric acid is set free from the calcium and goes into
solution. From this result it might, at first sight, be thought
that the calcium was removed from the phosphate of calcium
simply by force of the superior chemical power of sulphuric as
contrasted with phosphoric acid ; but, in reality, the water which
is present plays an important part in the reaction. Monophos-
phate of calcium is readily soluble in water, sulphate of calcium,
on the other hand, being well-nigh insoluble. Hence it happens
that when triphosphate of calcium is digested in dilute sulphuric
acid, monophosphate of calcium goes into solution, while sulphate
of calcium is deposited as an insoluble powder. But if the mix-
ture of solid sulphate of calcium and of dissolved monophosphate
of calcium, thus obtained, be evaporated to dryness and the
residue be strongly heated, all the sulphuric acid will be expelled
from the calcium ; it will evaporate and pass off into the air, and
nothing will finally be left in the vessel but triphosphate of cal-
cium, precisely similar in quality and quantity to that with which
the experiment started. In the same way, if a mixture of sulphate
of calcium and glacial phosphoric acid be strongly heated, the sul-
phuric acid, being readily volatile, as compared with phosphorie
acid, will all be expelled from its combination with the calciam :—
3CaS0, + P,0, = Ca,P,0, +380,.
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Chlorides of Phosphorus.—Phosphorus and chlorine
adily and directly even at temperatures as low as 0°
f combination being attended with evolution of light and
f the chlorine be in excess, as regards the phosphorus,
11 be formed a solid quinquichloride of phosphorus, while,
zess of phosphorus be present, a liquid terchloride of
-us will be obtained. )

Terchloride of Phosphorus (PCl) is a colorless liquid
1-5 specific gravity, which boils at about 75°. It fumes
r, and is decomposed by moist air. 'When heated in the
the gas-lamp, it takes fire and burns with a bright light.
iixed with water it decomposes, yielding clorhydric and
rous acids :—

8H,0=6HCl14-SH,0,P,0,, or PCl,+3H,0=3HCl+H,P0,

ction is particularly interesting, in view of the fact that
8 of it we are enabled to obtain phosphorous acid in a
1 of purity. It will be remembered that by the method
; oxidation (§ 287) it is no easy matter to obtain pure
rous acid from phosphorus. But by simply treating ter-
of phosphorus with water and evaporating the solution,
‘he chlorhydric acid which results from the reaction may
lled, hydrated phosphorous acid is obtained as the sole
The process is a good example of the indirect methods
. chemists are frequently compelled to resort.
loride of phosphorus can be prepared by passing a slow
if dry chlorine through melted, almost boiling, phospho-
tained in a tubulated retort which has previously been
th chlorine in the cold, and condensing the chloride in
opriate receiver as fast as it distils over. The process,
sperations with phosphorus, requires special care.
It will be observed that the formula of terchloride of
rus is that of phosphuretted hydrogen in which all the
n has been replaced by chlorine. The two substances
perfectly similar volumetric composition. In phosphu-
ydrogen, three volumes of hydrogen in combination with
‘olume of phosphorus, produce two volumes of the com-
as ; if, in terchloride of phosphorus,




QUINQUICHLORIDE OF PHOSPHORUS. 237

Half a unit-volume of phosphorus-vapor, weighing . . 81:00
And 8 unit-volumes of chlorine, weighing (35:56x3) o 108:50

Produce 2 volumes of PCl, vapor, weighing. . o . 13750
- One unit-volume of PCl, vapor should weigh . . . 68-76
The specific gravity of the vapor of terchloride of phosphorus
has been found, by experiment, to be 69-12,—a number so
nearly identical with the above result of calculation as entirely
to confirm the assumption on which the calculation rests, viz.
that in terchloride of phosphorus three volumes of chlorine are
united with half a volume of phosphorus-vapor.

298. Quinquichloride of Phosphorus (PCl,) is a white or
straw-colored crystalline solid, which volatilizes at a temperature
below 100° without previously fusing; but when subjected to
pressure, it melts at 148°, and boils at a temperature somewhat
higher. It burne in the flame of a candle with production of
phosphorie acid and evolution of chlorine. It is very deliques-
cent, and is decomposed by the moisture of the air; by a large
excess of water it is immediately resolved into chlorhydric and
phosphoric acids :—

PCl, 4+ 4H,0 = 5HC1 + H,PO,;
with a smaller quantity of water it yields chlorhydric acid and
oxychloride of phosphorus : —

[ ] PCl, + H,0 = 2HC1 4 POCL,

Sulphgdrie acid decomposes it in like manner, with production of
chlofydric acid ard sulphochloride of phosphorus :—

PCl, + H,S = 2HCI 4 PSCI,.
Quinquichloride of phosphorus reacts upon many organic com-
pounds also, with formation of very interesting products, and is
hence an important agent of research in the department of
organic chemistry., )

209. In order to prepare quinquichloride of phosphorus, a
carrent of dry chlorine may be passed iuto terchloride of phos-
phorus until the latter has been completely solidified; the
product is then distilled in a current of chlorine. The quinqui-
thloride may be obtained directly from phosphorus in one opera-
tion, if o rapid stream of chlorine be conducted into a retort
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g phosphorus, kept so cool that the terchloride of phoe-
first produced shall not distil over. Again, if powdered
shorus is exposed to the action of a rapid stream of
it will all be quickly converted into the solid quinqui-

'he formula above given for quinquichloride of phos-
presents the following composition by volume :—

t-volume of phosphorus-vapor, weighing . . 8100
t-volumes of chlorine, weighing (3556 X §) . 17750

oduce 2 vols. of PCl, vapor, weighing . . . 208%
volume of PCl, vapor ought then to weigh . 10425
fic gravity of the supposed vapor of quinquichloride of
18, as determined by experiment, does not accord with
lated result; it is 52-81, almost exactly one-half of the
1 unit-volume weight above given. If four volumes of
itead of two, resulted from the union of half a volume
r10rus-vapor with five volumes of chlorine, the calcu-
the actual vapor-density would coincide. But hitherto
never found a single compound gas in which the pro-
me was four unit-volumes; two unit-volumes have in-
resulted from the union of the constituent volumes,
the character and number of the constituents. It
necessary to admit this substance as presenti ex-
volumetric composition, were it not for a well Rgiunded
f the experimental determination of the vapor ity
npound. It not infrequently happens that all attmpts
une the vapor-density of volatile compounds of two or
1ents are baffled by their splitting up, at the tempers-
porization, into their constituent gases or vapors, which,
. of separating, resume their own proper volumes, how-
h they may have been condensed during combination.
ting up of compound vapors, at high temperatures,
complex compounds, or into the elementary constitu-
rmed dissociation. Thus, at the elevated temperature
to convert quinquichloride of phosphorus into vapor,
able that the quinquichloride splits into terchloride
horus and free chlorine, and that it is the specific
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gravity of this mixture which has been determined, instead of
the specific gravity of the real unaltered vapor of the quinqui-
chloride.

Twounit-volumes of PCl, weigh . . . . . . 18824
Two unit-volumes of Clweigh. . . o« o+ & 71

Four unit-volumes of the mixture weigh . . . . 20924
One unit-volume of the mixture weighs . . e e 5281

The specific gravity which has been assigned to the quinquichlo-
ride is 52:81,—a number very nearly coincident with the above
calculated density of the mixture of terchloride-vapor and free
chlorine. At the high temperature of vaporization it is there-
fore probable that quinquichloride of phosphorus undergoes
dissociation into terchloride of phosphorus and chlorine; but if
this be the case, these constituents recombine when the tempera-
ture falls, for by lowering the temperature the quinquichloride is
recovered.

As we advance, we shall meet with several other examples of
the dissociation of compound gases and vapors; for the present
it will be sufficient to give one more illustration of the meaning
of this term. When equal volumes of dry ammonia and dry
chlorhydric acid gas are mixed (Exp. 65), the two gases are
completely condensed to a white solid, which we are familiar
with as chloride of ammonium. Since this ammonium-salt is
readily volatilizable, there would be no difficulty in determining
the prpduct-volume of the compound of ammonia and chlorhy-
dric geid, were it not for the fact that the vapor of chloride of
ammonium undergoes dissociation at the temperature of vaporiza-
tion. If the real vapor of the compound could be measured, the
facts would undoubtedly be correctly represented by the dia-
gram,

HQ | 4+ | NH, | = | NH‘CI—’;

A

but the yapor of the compound is resolved into its constituent
gases at Ehp high temperature. necessarily employed, so that the
following disgram really figures the actual state of things :—
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v

HC HCl
a |+ | M = [ NBE,

N g

hen the dissociated vapor cools, the parted gases recombine to
m solid chloride of ammonium.

It is obvious that the phenomena of dissociation interfere
ally with one of the common methods . of arriving at the
sight and structure of the molecule of a volatile oom;iound;
8 indirect method of getting at the volumetric composition of
jubstance from its ponderal composition and the specific gra-
iy of its vapor becomes impracticable whenever the vapor of
8 compound under examination is liable to dissociation, inas-
1ch as experiment cannot determine beyond a doubt the real
por-density of such a body.

301. Bromides of Phosphorus.—When a piece of phosphorus
dropped into bromine, the two elements combine with explo-
re violence, the burning phosphorus being thrown about in s
shly dangerous manner. There are two bromides of phos-
orus, PBr, and PBr,, corresponding to the two chlorides.
ie terbromide is liquid at ordinary temperatures and the quin-
ibromide solid.

302. Jodides of Phosphorus.—Iodine and phosphorus unite
'ectly, when brought in contact with one another, and so much
at is developed by their union, that a portion of the phospho-
3 will take fire if the mixture be in contact with the air.
iere are two iodides of phosphorus, both of them solid at the
linary temperature ; their composition is respectively PI, and
»- It will be noticed that, while the teriodide corresponds to
3 terchloride and terbromide, the other compound is a bin-
lide, of which there is known neither a bromine nor a chlorine
alogue. The fact is interesting as illustrating the geners!
ith that, when in any group or family of elements we compare
3 behavior of its several members, analogy ceases to be a sure
ide, in proportion as the individuals compared are more widelr
sarated in the natural series.- Chlorine and bromine stand
xt to one another in the family or series of elements to which
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they belong ; and as we have just seen, their behavior, as regards
phosphorus, is well-nigh identical ; but iodine, one step further
removed from chlorine than bromine is, enters into new combina-
tions not altogether conformable to those of chlorine.

303. Sulphides of Phosphorus.—There is a definite sulphide
of phosphorus corresponding to each of the oxides, and in addi-
* tion to these there are two other compounds, which may be repre-
sented by the formule P,S; and P,S,,. Sulphur and phosphorus
may also be melted together in any proportion. The sulphides
of phosphorus are exceedingly inflammable, taking fire even
more readily than phosphorus itself, and they are all more readily
fusible than either of the two elements of which they are com-
posed. They may be prepared by heating sulphur under water
in contact with melted phosphorus. The union of the two ele-
ments is attended with development of much heat, and sometimes
with dangerous explosions. It is well, therefore, to operate only
upon small quantities, and to add the sulphur gradually to the
phosphorus.

CHAPTER XVIL
ARBENIC.

304. Compounds of arsenic have been known from very early
times. The element is sometimes found native, but much more
frequently associated with other metals and with oxygen and
sulphur. The metals in connexion with which it most commonly
occurs are irom, cobalt, nickel, and copper. Ferruginous ores
and deposits, in particular, are rarely free from traces of arseniec.
In small quantity, arsenic is very widely distributed.

The greater part of the arsenic of commerce is prepared from
a native arsenide and sulphide of iron (arsenical pyrites) corre-
sponding to the formula FeAsS, and from the arsenides of nickel
and cobalt. Metallic arsenic is obtained directly from the
mineral of the formula FeAsS by heating it in earthen tubes laid

B
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illy in a long furnace; a tube, made by rolling up a
thin sheet iron, is inserted iu the mouth of each earthen
nd an earthen receiver is luted on to this iron tube
nic condenses principally in the iron tube, in the form
pact, whitish, crystalline mass, which is detached, when
unrolling the sheet iron. The metal is also indirectly

by reducing the arsenious acid (As,0,) which results
1sting (heating in a current of air) arsenides, like those
; and nickel ; this oxide is heated with charcoal in earthen
i covered with conical iron caps, or inverted crucibles,
ch the reduced metal sublimes. The metal obtained by
1d process is gray and pulverulent, instead of whitish
rent,

188 = FeS + As; As,0, + 3C = 2As + 3C0.

Arsenic is a brittle solid, of a steel-gray color and a me-
itre. Its specific gravity has been variously given at
i2 to 5-96. Like the metals, it is a good conductor of
;y. It crystallizes in acute rhombohedrons, and in octa-
also, thus taking on forms of both the monometric and
al systems, as do phosphorus, the preceding member, and
¥, the succeeding member of this family. At a dull red
-olatilizes without previous fusion ; the vapor is colorless,
sesses a characteristic odor resembling that of garlic.
cific "gravity of this vapor js 150, while the atomic
f the element is 75 ; arsenic, therefore, resembles phos-
and differs from all the other elements heretofore studied,
its atomic weight is not identical with its unit-volume
two combining proportions by weight of arsenic occupy
e volume as one combining proportion of hydrogen; its
As, represents its atomic weight, but only half the
f the unit-volume of its vapor. At the ordinary.tempe-
he compact metal does not tarnish by exposure to dry
a moistened powder of arsenic is slowly converted by the
a mixture of arsenious acid and metallic arsenic. Ata
. the metal burns with a whitish flame, producing a white
f arsenious acid. When thrown, in fine powder, into
gas, it takes fire spontaneously and is converted into
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chloride of arsenic (AsCl,). Bromine, iodine, and sulphur also
combine readily with arsemic, when aided by a gentle heat.
Nitric acid and aqua regia convert the metal into arsenic acid
(48,0,) ; chlorhydric acid has little action upon it. Dilute sul-
phuric acid has no action upon the metal ; but the concentrated
acid has the same effect upon arsenic as upon phosphorus (§ 276);
arsenious acid is formed and sulphurous acid escapes :—
3H, 80, + 2As = As,0, + 380, + 3H,0.

Some fatty oils dissolve arsenic to a slight extent, as they do
phosphorus. Metallic arsenic unites by fusion with most metals,
forming alloys which the arsenic tends to make hard or brittle.
In the manufacture of shot a little arsenic is added to the lead
to facilitate the formation of regular globules.

306. Arsenic and Hydrogen.—Arsenic forms two combinations
with hydrogen ; one of these is an unstable, brown solid of un-
certain composition ; the other is a well-known gas whose con-
stitntion is represented by the formula AsH,, and which is
therefore analogous in composition to ammonia (NH,) and phos-
phuretted hydrogen (PH,). The solid hydride is so obscure a
substance that nothing need here be said of it, except that it is
supposed to contain two atoms of hydrogen and one of arsenic
(AsH, ?).

307. Arseniuretted Hydrogen.—This very dangerous gas may
be prepared in an impure state by decomposing, with sulphurio
acid diluted with three parts of water, an arsenide of zinc ob-
tained by fusing together eqnal weights of powdered arsenic and
granulated zine :—

8H,80, + Zn,Asy= 3ZnNSO0, ) AsH, .
As it is not possible to prepare the precise alloy Zn As, the
arseniuretted hydrogen thus obtained is always mixed with hy-
drogen. The arsenide of sodium can be decomposed by water,
with evolution of arseniuretted hydrogen :—
8H,0 + Na,As = 3NaHO + AsH,.
The same remark, however, applies to this reaction as to the pre-
ceding one ; the product is contaminated with an indeterminate
quantity of free hydrogen. Arseniuretted hydrogen seems also
to be formed whenever the oxides of arsenic, or compounds of
22"
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des, are brought in contact with nascent hydrogen. A
of arseniuretted hydrogen and hydrogen may be readily
by acting upon zinc by dilute chlorhydric or sulphuric
‘hich arsenious. acid has been dissolved.
irseniuretted hydrogen is a colorless gas, having a fetid
7en when very much diluted with air, it is intensely
3, and fatal results have repeatedly followed its acci-
thalation. In experimenting with this deadly gas, the
care is required not to inhale the least portion of it
ien condensed at —40° to a transparent liquid, but it
r been solidified. The gas is soluble in water at the
temperature only to the extent of one-fifth of its volume,
1er the gas nor its aqueous solution has any action upo
ed litmus-paper. In spite, therefore, of its strong resem-
> ammonia in composition, some of its physical proper-
trikingly unlike those of that very soluble and intensely
gas. Arseniuretled hydrogen burns in the air with s
flame, forming water and a white smoke of arsenious
t if a cold body, like a piece of porcelain, for example,
luced into & jet of the burning gas, the hydrogen alone
n, and the arsenic will be deposited in the metallic
m the porcelain surface, forming a lustrous black spot.
ct is precisely similar to the deposition of soot on & cold
1ig the flame of a candle. It is also decomposed when
o pass through tubes heated to dull redness, metallic
seing deposited as a brown or blackish mirror, while
1 gas escapes. « This decomposition is a good illustration
ssociation of gases (§ 300). Chlorine in excess reacts
upon it, forming terchloride of arsemic (AsCl,) and
ric acid :—

AsH, + 6Cl = AsCl, 4+ SHCL

owever, chlorine acts on an excess of arseniuretted hy-
there are formed chlorhydric acid and metallic arsenic;
companies this reaction. The reactions of bromine and
re similar to, but less violent than, those of chlorine.
11, in this connexion, the decomposition of ammonia by
with formation of chlorhydric acid and liberation of
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nitrogen. Arseniuretted hydrogen decomposes the solutions of
the salts of many of the heavy metals, but the products are
somewhat various ; sometimes a metallic arsenide is precipitated ;
sometimes the heavy metal is precipitated, while arsenious acid
remains in the solution. As we shall shortly see, the chemical
properties of this gas are of greaf importance in the processes
used for detecting arsenic in cases of poisoning.

309. Arseniuretted hydrogen may be analyzed by precisely
the same method which was used for the analysis of phosphu-
retted hydrogen (§ 280); but the results can only be approxi-
mate, because of the extreme difficulty, not to say impossibility,
of obtaining the gas in a state of tolerable purity. The compo-
sition of the analogous gases, ammonia and phosphuretted hydro-
gen, and the specific gravity of the gas, lead us to the following
statement of its composition. Two volumes of the gas contain

8 unit-volumes of hydrogen, weighing 8x1 = 38
4 unit-volume of arsenic-vapor, weighing } X 160 = 76

2 unit-volumes of arseniuretted hydrogen weigh 78
1 unit-volume of arseniuretted hydrogen weighs 39

The actual specific gravity of arseniuretted hydrogen, as deter-
mined by experiment, is as nearly as possible 39,—a fact which
makes it certain that two volumes of the gas do not contain one
volume of the heavy arsenic-vapor, which is 150 times as heavy
88 hydrogen, but only half a volume. Herein this gas differs
from ammonia, but resembles phosphuretted hydrogen. The
weight of the quantity of arsenic which combines with three
stoms of hydrogen is 75, just as the weight of the quantity of
nitrogen which combines with three atoms of hydrogen is 14;
but 75 parts by weight of arsenic-vapor only occupy one half the
space which 14 parts of nitrogen fill.

310. Arsenic and Oxygen.—Arsenic forms two well-defined
oxides, arsenious acid, As0,, and arsenic acid, As,O,. The
black film which forms on the surface of the metal when ex-
posed to the air is by many supposed to be a suboxide, while
others think it is more probably a mixture of metallic arsenic
with arsenious acid. The first of the above-mentioned acids cor-
responds with nitrous and phosphorous acids, the second with
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d phosphoric; but arsenious acid is very stable, in com-
with arsenic acid, while the reverse is true of the analo-
ds containing nitrogen and phosphorus. The element
»ossesses many properties which ally it to the metals; but
ompounds its close connexion with nitrogen and phos-
8 clearly exhibited. Its oxides, for example, are both
id these acids unite with the oxides of the metals proper
stable, crystallizable salts, which are in many cases
1ous with the corresponding salts containing phospho-

Arsenious Acid (As,0,).—Arsenious acid, known in com-
) arsenic, or white arsenic, is obtained as a secondary pro-
the roasting of arsenical ores of nickel, cobalt, and tin,
a principal product in the roasting of arsenical pyrites.
itile matters which escape from the roasted ores consist
f sulphurous and arsenious acids ; the first is allowed to
into the atmosphere, the second condenses to the solid
the chambers and long passages through which the vapors
»d to pass in order that they may deposit their arsenious
\ second sublimation purifies the raw product. Accord-
10 temperature at which the arsenious acid is sublimed
densed, the product is either in powder or in transparent
& low temperature with sudden condensation yields
owder of minute crystals; a higher temperature with
solidification produces a transparent glass.
Arsenious acid is a white solid, which occurs not only in
litions, one amorphous and the other crystalline, but alse
istinet crystalline forms. When the vapor of the acid is
o quickly that it solidifies at once, without passing
the semifluid state, each particle of the solid acid
more or less perfectly the octahedral form. A hot satu-
ueous solution of the acid also deposits regular octahe-
stals on cooling. The amorphous, glassy variety of the
nges spontaneously, when kept in contact with the air,
aggregation of minute octahedral crystals, thereby be- .
opaque and porcelain-like in appearance. The other
ne form of arsenious acid is the right rhombic prism;
o occurs much less frequently than the first, and is con-
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verted into the octahedral form by sublimation and by solution
in hot water. .

The two varieties of arsenious acid, the vitreous and the poroel-
laneous, differ decidedly in physical and chemical properties, yet
they have precisely the same chemical composition ; and when
either variety changes into the other, no alteration of weight, no
addition or subtraction of matter accompanies the change. The
two varieties contain the same two elements in precisely the
same proportions. 'When two or more compounds, which exhibit
essential differences of physical and chemical properties, are,
nevertheless, found to be identical in respect to constituent ele-
ments and their proportions, the compounds are said to be tso-
meric (equal parts). The term allotropism (§ 162) properly
applies to the elemenis only, the term isomerism to compounds
only; both terms, however, refer to one and the same un-
questionable, though perplexing, truth—namely, that the widest
diversity of properties may coexist with absolute identity of
ultimate chemical constitution. Two allotropic states of the
same element not infrequently present more striking differ- -
ences than elements recognized as distinet; and among the
numerous complex compounde of carbon with which organic
chemistry deals, there are many isomeric compounds which are
80 entirely dissimilar as to lead almost irresistibly to the belief
that it is of as much consequence how the atoms of a compound
are arranged as what kind of atoms they are. Arsenious acid
does not afford a very striking example of isomerism ; neverthe-
less the properties of its two modifications are quite diverse. If
it be true that the different arrangement of atoms is the cause of
the diversity of isomeric compounds, it is evident that the differ-
ences between two varieties of a compound of only two kinds of
atoms, united in the'simple ratio of 2 to 3, cannot be expected to
be so marked as the differences between isomeric compounds
which contain four or five elements united in the very compli-
cated proportions which frequently characterize the compounds
of carbon. Nevertheless the differences between the two iso-
meric compounds of arsenic and oxygen are sufficiently distinet.
The glassy acid dissolves much more rapidly in water than
the porcelain-like variety, being three times as soluble in that
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The relation of the two varieties to heat is not the same;

the vitreous acid changes into the opaque, heat is disen-
As this change generally takes place slowly, from the
owards the centré of any fragment of the vitreous variety,
evolved is not perceived; but if the change be suddenly
shed, not only heat, but light also will be disengaged.

22.—Dissolve 4 or 5 grms. of the vitreous acid in a hot mix-
t.grms. of strong chlorhydric acid and 8 c. c. of water, and
olution cool slowly; the arsenious acid will crystallize in
at octahedrons, and the formation of the crystals will be ac-
d by flashes of light.
recific gravity of the vitreous acid is 3-738; that of the
eous 3-699. The opaque variety may be changed into
ous by long boiling with water. It appears, therefore,
arrangement of atoms which may be supposed to fur-
vitreous acid is stable only at high temperatures, and
arrangement of atoms which is peculiar to the opaque
able only at low temperatures.
Arsenious acid volatilizes without change when heated
1 access of air; if heated in contact with carbon, it gives
tygen, and metallic arsenic is liberated. Copper and
1er metals reduce arsenious acid.
23.—Place a few particles of arsenious acid in an open tube
lass (No. 5) about 10 c.m. long, and heat the acid over the
ding the tube in a sloping position ; the white solid will be
1, but it will immediately be deposited again upon the cold
e tube. By the aid of a lens, this deposit may be seen to be

Fig. 46. Ezp. 124.—Drop into the point
of a drawn-out tube of hard glass,
No. 5, a morsel of arsenious acid,
and above it place & splinter of
= charcoal (Fig. 46); heat the coal
red-hot in the flame of the lamp,
volatilize the arsenious acid. The acid will give its oxygen
d, and the arsenic will be deposited in a ring on the cold
e tube, presenting a brilliant metallic appearance.
25.—Throw a particle of arsenious acid upon a piece of red-
oal; the acid will be partly reduced, and the peculiar garlic
« vapor of metallic arsenic will be perceived.
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Ezp. 126.—Dissolve a few centigrammes of arsenious acid in 6 or 6
e.c. of chlorhydric acid heated in a test-tube; in the hot solution
immerse & narrow strip of clean copper; an iron-gray film will be de-
posited upon the copper. This coating contains metallic arsenic de-
rived from the arsenious acid; it consists of an alloy of arsenic and

copper.

314. 1t is very difficult to say what the solubility of arsenious
acid in water really is. The results of different experimenters
present very wide discrepancies, due in part to the fact already
stated, that the two modifications of arsenious acid are of unlike
sofubility, and in part also to the circumstance that the acid dis-
solves with extreme slowness. The difficulty of the determina-
tion is increased by the readiness with which either modification
passes into the other in consequence of changes of temperature ;
it is quite possible that both varieties may simultaneously exist
in the same solution. A hot aqueous solution usually contains 1
part of the acid in 10 or 12 parts of water ; on cooling this solu-
tion, a portion of the acid separates, leaving a solution which
contains 1 part of acid in 20 to 30 parts of water. The aqueous
solution has a feeble acid reaction. No definite hydrate of arse-
nious acid is known. The acid is much less soluble in aleohol
than in water. Hot chlorhydric acid dissolves it with facility,
and when cold retains a large proportion in solution ; other acids,
even some vegetable acids, dissolve it readily when hot, though
most of them keep but little in solution when cooled. When the
solution of arsenious acid in chlorhydric acid is evaporated, a
compound of chlorine and arsenic, the terchloride of arsenic
(§ 336), is volatilized, and the solution thus loses a portion of
its arsenic. This fact is of importance in examinations for arsenic
in cases of suspected poisoning.

315. Solutions of caustic soda and potash readily dissolve the
acid, a soluble arsenite of sodium or potassium resulting from
the reaction. From these arsenites of sodium and potassium
the arsenites of other metals are generally obtained by the way
of double decomposition. The arsenites are numerous, but they
are not very stable and have been but little studied.

316. Arsenious acid is oxidized and converted into arsenic
acid by digestion with nitric acid. The seme transformation is
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about, but quicker, by the action of aqua regia, and by
, bromine, and iodine in presence of water. When
s added to a solution of arsenious acid mixed with s
arch-paste, the whole of the arsenious acid is converted
enic acid before any blue coloration of the starch is pro-
iy the iodine. These facts are turned to account in the
ric determination of chlorine (§ 565). Sulphuretted hy-
colors an aqueous solution of arsenious acid yellow, and
ates a yellow sulphide of arsenic (§ 210) from a solution
ed with chlorhydric acid.
lious acid is a violent poison, all the more dangerous
it has neither taste nor odor to warn the victim of its
»; two decigrammes of it will cause death. All the solu-
3 of arsenious acid are likewise horribly poisonous. The
idote to the poison is a mixture of moist, freshly precipi-
squioxide of iron and caustic magnesia.

Arsenious acid is largely used for the manufacture of
zen paints, an arsenite of copper and a compound of

and acetate of copper; it is applied as an oxidizing
1 the manufacture of glass; it is used for poisoning ver-
d is consumed in considerable quantities for producing
enio acid which is used in the dyeing .and printing of
ind in the manufacture of aniline colors; it is used in
all doses as a remedy for asthma, and in some skin-dis-
Although the acid is so violent a poison, it seems to be
, by beginning with small doses and gradually increasing
o accustom the human body to sustain, without injury,
f 2 to 3 decigrammes, or even more; the arsenic thus
1 said to produce a plump and healthy appearance in those
) it, and especially to increase the power of the respira-
gans. In veterinary practice, it has been found that
18 acid administered to animals in this manner improves
earance of the skin.

Arsenic Acid (As,0,).—This compound is produced by
g arsenious acid with nitric acid, aqua regia, hypochlorous
other oxidizing agents.
127.—Add 4 grms. of powdered arsenious acid, little by little,
xture of 4 grms. of concentrated nitric acid, and 8 grms. of
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concentrated chlorhydric acid, contained in & small evaporating dish,
and gently heated over a lamp in & strong current of air, or beneath
a well-ventilated hood. The liquid, which at first givee off red fumes
in considerable quantity, must be evaporated until it assumes a syrupy
consistency, resembling that of oil of vitriol. This syrupy liquid is
arsenic acid.

319. The syrupy solution thus obtained deposits, after stand-
ing for some days, at the ordinary temperature, transparent
elongated prisms or rhomboidal lamihee. These crystals, heated
to 100°, first melt and then yield the terhydrate of arsenic acid
(3H,0,A8,0, = 2H,As0,) as a crystalline precipitate. The
same hydrated acid separates in large prismatic crystals when a
concentrated aqueous solution is cooled to a low temperature.
There are two other hydrates of the oxide As ,O,,—a bihydrate,
2H,0,A5,0, = H As,0,, and a monohydrate, H,0,As,0, =
2HA=O, ; both these lower hydrates are obtained from the ter-
hydrate by subjecting the latter to the prolonged action of certain
temperatures. If either of the hydrates be heated to dull red-
ness, a white amorphous mass remains, which is the anhydrous
acid, As,O,; this substance has no action upon litmus, and seems
to be scarcely soluble in water. After long exposure to moist
air, it slowly deliquesces, and if covered with water and. soaked
for a long time, it at last dissolves, being probably converted into
the soluble terhydrate. At a full red heat it is resolved into
arsenious acid and oxygen.

320. In spite of the recognized existence of three solid hy-
drates of arsenic acid, there is but one aqueous solution of this
acid, inssmuch as the monohydrate, the bihydrate, and the anhy-
dride, are all immediately converted into the terhydrate when
dissolved in water. The solution has a very sour taste and a
strong acid reaction on vegetable colors. The concentrated liquid
is highly corrosive and produces blisters on the skin. Arsenio
acid and its salts are poisonous, but not in so high a degree as
arsenious acid and the arsenites.

1. Arsenic acid is a strong acid, capable of expelling all
thé more volatile acids from their salts at high temperatures.
Its three hydrates are strictly comparable with the three hydrates
of phosphoric acid.
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drates HPO, HA:O, Hydrates
of HP,), H,As,0, of
borie Acid. |H,PO, " HAsO, | Arsenic Aeid

one, two, or all three of the hydrogen atoms in common
acid, H,AsO,, may be replaced by a metal, so that three
es of any one metal may exist, as for example,

1,As0, Na,HAsO, Na,As0,
4rseniate % Neutral” Arseniate Basic Arseniate
odium. of Sodium. of Sodium.

id arseniate be suitably heated, a meta-arseniate results,
example, NaAsO, = NaH AsO, — H,0; if a neutral
e be sufficiently heated, a pyro-arseniate results, as, for
5, Na,As,0, = 2Na HAsO, — H.O; but such meta- and
seniates, unlike the corresponding meta- and pyro-phos-
have very little stability, take up again the molecule of
vhich the heat expelled, the moment they are brought in
with water, and are so changed back again into salts of
7 arsenic acid. The salts of arsenic acid are isomorphous
out with the corregponding phosphates..
Arsenic acid is readily reduced to arsenious acid, and,
ently, acts in some cases a8 an oxidizing agent. Thus
ous acid reduces arsenic acid, and is itself converted into
ic acid :—

2H,As0, + 250, = 2H,80, + As,0, + H,O.
lrie acid gas, passed through a not tco concentrated solu-
irsenio acid, slowly precipitates the yellow tersulphide of
the action being assisted by heat and by the presence of

acid. Charcoal and the metals at a red heat reduce
acid to the metallic state, just as they do arsenious acid.
Arsenic acid has been extensively used in calico-print-
place of the more expensive tartaric acid, for developing
atterns on a colored ground in the chloride-of-lime vat.
10 an excellent preservative of animal substances, and is
1gly used to defend the specimens and preparations of
tomist and naturalist from decay and from the attack'of

Detection of arsenic in cases of poisoning.— Nearly all
nds of arsenic are poisonous; but arsenious acid is best
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known and most easily procured, and is therefore most likely to
be met with in cases of poisoning by arsenic, whether accidental
or intentional. In criminal trials the solubility of arsenious acid
in water has often been much discussed ; but this is practically a
point of little importance, for the tasteless poison is generally
administered in the solid state mixed with soup, gruel, milk, or
even with solid food. It thus sometimes happens that small par-
ticles of the poison can be found adhering to culinary vessels,
cups, plates, or spoons, or even to the coatings of the stomach
and intestines after death. If the arsenious acid is too finely
divided to be picked out in lumps, it may sometimes be sepa-
rated by stirring up the mass, under examination, with water, and
leaving the heavier particles to settle. Any solid arsenious acid
that may be present will be sure to be found in the residue; it
may be washed with cold water. It is always very satisfactory
thus to obtain the solid poison in the condition in which it was
administered, because the examination is, in such cases, very
direct and conclusive. It is only necessary to try, with the white
powder thus obtained, the experiments already given to illustrate
the properties of arsenious acid (Exps. 123-126), together with
certain other discriminating tests shortly to be described.

325. It more frequently happens, however, that the arsenic
has been dissolved by the acid secretion of the stomach, and has
become intimately mixed with the food or excretions, or incor-
porated into the substance of the organs themselves. The exa-
mination then becomes more difficult. The reduction of arseniouns
ecid by copper (Exp. 126) is an available test in such cases.
To the suspected matter, if liquid, about one-sixth of its bulk of
chlorhydric acid is added, and the mixture is gently boiled.
Bolid tissues must be cut into small pieces and boiled for some
time with dilute chlorhydrie acid (1 part acid to 8 parts water)
until the whole is disintegrated ; this solution is finally clarified
by filtration. Strips of copper gauze or foil are then immersed
in the boiling liquid; and if any gray deposit is produced, fresh
pieces of metal are added so long as the color of the copper is
perceptibly changed. They are then removed, washed with
water, dried, folded up, placed in a dry tube of hard glass and
gently heated. Some of the metallic arsenio in the gray alloy
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verted into arsenious acid, which collects on the oold
tube in the form of a crystalline sublimate. To this
all tests for the identification of arsenious acid can be
’his mode of operation is known as Reinsch’s test.
ydric acid employcd must be proved to be free from

other method of separating arsenious acid from the
tters with which it is mixed is that of dialysis, a pro-
depends upon the very different rates at which differ-
wces diffuse through water.

—Select two straight-sided bottles of clear glass about 15
1id 8 to 9 c.m. wide. Fill them seven-eighths full of dis-
, or any pure soft water. Dissolve 10 grms. of bichromate
1 in 100 c. c. of water ; suck as much of this solution s
remaining eighth of one of the above-mentioned bottles
te (Appendix, § 22), and carefully convey the colored fluid
m of the bottle by bringing the fine point of the pipette to
of the bottle and then allowing the liquid to flow very
of the pipette. If time enough (6 or 6 minutes) be taken
res8, no sensible intermixture of the two liquids will take
g the delivery. Dissolve 10 grms. of caramel (melted and
rot sugar) in 100 c. c. of water, and convey to the bottom
nd bottle, in the same manner as before, enough of the
1 solution to fill the bottle.
bottles are left at rest for several days in & room where the
1 is nearly constant. Spontaneous diffusion immediately
| the very different rates at which the two colored sub-
use upwards through the water should be from time to

bstances which have a comparatively high diffosive
y generally, though not invariably, the power of erys-
‘heir solutions are generally free from viscosity, and
e taste. Such substances are designated by the term
Among crystalloids there are wide differences of
wwer ; thus caustic potash diffuses twice as fast as sul-
stassium, and sulphate of potassium twice as fast as
' magnesium.
se8 of very low diffusive power have little, if any,
o crystallize, and affect a vitreous structure. Such
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substances are often very soluble in water; but their solutions
have always a certain degree of viscosity when concentrated,
and are insipid or wholly tasteless. By combining with water,
these substances are apt to form jellies. Gelatine has been
taken as the type of this class; and they have hence been
called colloids, a name derived from Greek words signifying
gluc-like. Among the colloids rank hydrated silicic acid, alumina,
starch, gums, caramel, albumen, and animal and vegetable extrac-
tive matters.

As we can separate by means of distillation or evaporation two
bodies of different volatility, so by the aid of diffusion we can separate
one substance more or less completely from another. Jellies and col-
loid membranes are permeable to crystalloids, but are practically im-
permeable by colloids like themselves. By means, therefore, of a
colloidal diaphragm, or partition, crystalloids can be separated from
colloids by diffusion. The most suitable substance for the dialytic
disphragm is parchment paper, prepared by soaking unglazed paper,
for a few seconds, in a mixture of 6 parts of strong sulphuric acid and
1 part of water, and immediately washing it, first in water and then in
water containing ammonia. The paper subjected to this treatment
becomes semitransparent and tough, like parchment.

A dialyzer, as the apparatus for effecting separation by diffusion is
called, consists of two gutta-percha, or wooden, hoops, one of which
thould be 5 c.m., and the other 2:5 c.m. deep. The deeper hoop is
alightly conical, and the shallower must slip over the small end of the
deeper. The hoops may be from 15 to 256 c.m. in diameter. The
parchment paper, which is to form the bottom, must be about 8 c.m.
wider than the small end of the 6 c.m. hoop. To prepare the dialyzer
for use, soak the parchment paper for about a minute in distilled water;
stretch it evenly over the small end of the 5 c.m. hoop and strain it
on tightly by pushing over it the 25 c.m. hoop. The paper must be
pressed emoothly up round the outside of the deeper hoop, and the
bottom must be flat and even.

There must be no small holes in the paper. To detect such, put
distilled water into the dialyser to the depth of 5 m.m., and place the
dialyzer on some white blotting-paper. If any wet or dark spots ap~
pear, they indicate the existence of small holes. To close such holes,
apply to the under surface of the paper about the holes some solution
of albumen, put on a small patch of parchment paper, and iron the
patch with a hot smoothing-iron. The albumen will coagulate, fix
the patch, and close the hole.

Ezp. 120.—Into the dialyzer so prepared pour an aqueous solution
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g five per cent. of cane-sugar and five per cent. of gum
the depth of about 125 c.m. Then float the dialyzer oo
water contained in a flat basin. The volume of water in the
uld be from 5 to 10 times as great as the volume of the fluid
dyzer. The wider the dialyzer and the greater the quantity
»d water in the outer basin, the more rapid and effective the
A dialyzer 16 c.m. in diameter, serves to operate upon 200
c. of liquid ; one of 20 c.m. upon 400 to 450 c. c. ; one of 2
16800 c. c.
he lapse of twenty-four hours, the water in the basin should
| into an evaporating-dish and gently evaporated over a water-
ure sugar will crystallize from the solution. The sugar,s
1, has passed through the diaphragm ; the gum, a colloid, has
in the dialyzer. It should be remarked that gum is wholly
lizable, and that the mixed solution of gum and sugar will not
itals, but only an amorphous mass, when evaporated.

By means of this dialyzing apparatus, arsenious acid,
he metals, strychnine, and other crystallizable poisons.
and organic, can be readily separated from organic
nd the process has the very great advantage of intro-
o metal, chemical reagent, or other foreign substance
fluids under examination. After twenty-four hours, the
able poison, or a large proportion of it, will have been
ed to the distilled water in the outer basin, and in this
it may be sought for by the application of the appro-
i

30.—Dissolve 0'1 grm. of arsenious acid in about 80 c. c. of
-, and stir the solution into about 200 c. ¢. of milk, ale, soup,
other thick organic fluid; place the potsonous fluid in a 15
'zer and float the dialyzer on two litres of distilled water in
sin. Allow the apparatus to stand at rest in a room where
rature is tolerably uniform for forty-eight hours. At the
1 of this time, transfer the clear solution in the basin toan
1g-dish, without losing a drop, rinse the basin carefully with
vater, and add the rinsings to the contents of the dish ; eva-
» solution over a water-bath (see Appendix, § 14) to the bulk

To one-third of this concentrated solntion add a few drops
ilorhydric acid, and apply Reinsch’s test for arsenic (§ 325),
regard to the small scale on which the operation must be con-
tbout 0025 grm. of arsenious acid is the quantity which msy
ed to respond to the test by copper. Three-quarters of the
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original decigramme should be transferred by diffusion through the
dialyzer in the course of forty-eight hours, and of this solution of this
0075 grm. of arsenious acid we have taken one-third. The rest of
the solution is to be reserved for tests hereafter to be described.

329. When the arsenious acid must be sought in large organs
of the body, like the stomach, liver, or intestines, or in cousider-
able quantities of disgusting semifluid materials, it is sometimes
necessary to utterly destroy the organic matters by processes
which cannot cause the loss of arsenic. Several methods may be
employed for this purpose. 1. The organic matter is gently
heated in a tubulated retort with strong chlorhydric acid, and
strong nitric acid is added from time to time. The organic mat-
ter is thus completely destroyed, with the exception of the fat.
A cooled receiver is connected with the retort to condense the
distillate from the hot mass. The fat is separated from the clear
liquid in the retort by decantation, and well washed with water;
these washings, together with the distillate in the receiver, are
edded to the main bulk of the fluid. 2. Chlorate of potassium
may be added instead of nitric acid. 3. The organic matter,
after being made as fine as possible, is stirred up with water,
and chlorine gas is passed through the liquid until the organic
substances are partly destroyed and partly deposited in brown
flakes.

All these processes, and there are others based on like prin-
ciples, are processes of combustion ; aqua regia, chlorate of po-
tassium, and chlorine are oxidizing agents of great power, as we
have already seen; they burn the carbon and hydrogen of the
organic materials as literally as the oxygen of the air burns the
coal in the grate. The arsenic also is oxidized and converted
into its highest oxide, arsenic acid. Whenever chlorhydric acid
is used, and heat is applied, there is danger that chloride of
arsenic (AsCl)) may be formed; this chloride is a volatile body,
against whose loss precautions must be taken, by never allowing
the temperature of the fluids to rise much above 100° and by
collecting any distillate which may be formed under circumstances
which make it possible for this chloride to be evolved.

330. All these methods of destroying the organic matters in
which arsenious acid is to be sought for are liable to one objec-
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1. Considerable quantities, even kilogrammes, of acids must
nsed, if the quantity of organic substance to be destroyed is
se ; chlorhydric and sulphuric acids very commonly themselves
tain arsenic, and since the liquids, which result from the de-
iction of the orgamic tissues, are finally evaporated to a very
Jl bulk, all the arsenic in.several kilogrammes of the acids
sloyed, as well as all the arsenic which may have been con-
ied in the bodily organs or fluids submitted to examination, will
concentrated into a small cupful of liquid. It is obviously
essary to demonstrate that the arsenic reactions cannot be
sined from the same quantities of the same acids actually
sloyed, subjected to the same series of operations. The best
7 is to conduct a parallel examination of normal animal
ans or fluids; in this examination the identical processes and
same weights of the same chemical materials must be em-
yed as in the examination of the suspected substances; if
:nic is found in the latter investigation, but not in the parallel
mination of the normal animal substances, it will be quite
tain that the arsenic was not derived from the chemicals em-
ved in the research.
}31. When, by any of the processes above described, a clear
enical solution, free from organic matter, has been obtained,
identification of the arsenic may be accomplished by many
thods, of which the two following will serve as examples : —
.. By precipitation as sulphide of arsenic.—If the clear solu-
1 contains arsenic acid, it is necessary to reduce this oxide to
anious acid before the precipitation can be effected. This re-
tion may be accomplished by passing a slow stream of washed
ohydric acid gas (§ 202) through the solution for several
irs, but may be immediately effected by saturating the solu-
1 with sulphurous acid gas, the superfluous gas being finally
elled by gentle heating. After the reduction has been
cted, a slow stream of washed sulphydric acid gas precipitates
yellow sulphide of arsenic from the liquid.
%zp. 181.—Acidulate one-half of the liquid reserved from Exp.
I with pure chlorhydric acid, place it in a small beaker glass and
s a slow stream of washed sulphydric acid gas through the solution.
3 delivery -tube of the gas should be small and the current slow; &
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piece of unglazed paper should be used as a cover, in order to keep
the beaker full of the gas. A yellow prec:pmm (As,8,) will appear,
indicating the probable presence of arsenic. When no more precipi-
tate seems to form, stop the current of gas, ana let the beaker stand in
8 warm place till the odor of the gas has nearly disappeared. Collect
the precipitate on a small filter (see Appendix, § 14), wash it tho-
roughly with water, and dry it.

Ezp. 132.—Mix intimately the dry precipitate obtained in the last
experiment with its bulk of dry carbonate of sodium and its bulk of
dry cyanide of potassium, and introduce this mixture into a hard glass
tube (No. 5), the end of which has been closed and expanded to a small
bulb. Ifthe precipitate stick to the filter-paper, it must be scraped
off Warm the bulb and its contents over the lamp to expel moisture,
then wipe the tube out with a tuft of cotton on the end of a wire, and
bring the bulb to a red heat. A ring of metallic arsenic, like that of
Exp. 124, will be deposited in the tube. Preserve this metallic mirror
for subsequent study.

2. By conversion into arsenturetted hydrogen.—When an aqueous
or acid solution containing arsenious or arsemic acid is added
to the contents of a flask in which hydrogen is being generated,
the nascent hydrogen reduces the oxide of arsenic, and there is
formed a quantity of arseniuretted hydrogen, which mixes with
the uncombined hydrogen evolved. (Compare § 307.) This
arseniuretted hydrogen is decomposed, with deposition of metallio
arsenic, by being passed through a red-hot tube. The undecom-
posed gas burns with a whitish flame; and if a cold body be held
in the flame, a spot of metallic arsenic will be deposited upon it.
(See § 308.) Upon these properties and reactions is based the
process for detecting arsenic known as Marsh’s test.

Fig. 47.

Erp. 183.—To a bottle prepared for generating hydrogen from
Ppure zine and dilute sulphuric acid, adapt & chloride-of-calcium tube,
82
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with the outer end of this drying-tube connect a tube of hard gl
4) which has been twice drawn to a fine bore and which termi-
i in a fine open point. (Fig. 47.) Support this long tube a
1 or four points, in such a manner that the softening of the glas,
at the point a, and then at the point 3, shall not distort the tube.
dding acid through the funnel-tube of the flask, evolve hydrogen,
vhen the whole apparatus is full of hydrogen, light the gas at the
fthe hard glass tube. By means of an efficient gas-lamp, heat
t 2 c.m. of this tube to dull redness at the point a; just beyond
10t part of the tube, place a small sheet-iron screen, asshown in the
e, to cut off the heat from the adjoining narrow part of the tube.
tain the apparatus in this condition for ten minutes, the glas
red-hot at one point and the hydrogen flowing steadily through
ube and burning with a colorless flame at the point. If no de-
, or only a scarcely perceptible deposit, appears in the fine tube
ning the heated portion, the zinc and sulphuric acid are pure
gh for the experiment, but if a black, shining deposit appearsin
ine tube, the materials themselves contain arsenic and are, of
ie, unsuitable for use in testing for this substance.

the zinc and sulphuric acid prove to be sufficiently free from
iic, add to the contents of the flask a few drops of the liquid ob-
d by dialysis (Exp. 130). In a moment a mirror of arsenic
be deposited in the fine tube adjoining a; when this mirror has
me large and dense, move the lamp to b, transfer the screen, and
n a similar mirror in the second attenuated portion of the tube;
ly, extinguish the lamp and allow the arseniuretted hydrogen to
1 the burning jet of gas at the extreme point of the apparatus;
vhite coloration of the flame will now, for the first time, be seen;
duce into the jet a bit of cold porcelain, and obtain the character-
black and lustrous spot of metallic arsenic; this experiment may
peated indefinitely and a large number of spots obtained for sub-
:nt use. Preserve the two mirrors and & number of arsenic spots
iture study. In order to prevent the possibility of any arseniu-
d hydrogen escaping into the air of the room, the jet of gas must
ept constantly burning, and when the experiments are ended the
must be washed out promptly and thoroughly.

}2. This method is very well adapted for the speedy and
iin detection of arsenic in green paints, such as are applied
all-papers, artificial flowers, lamp-shades, and the like; for in

cases, if any arsenic is present, there is so much as to make
traces of arsenic which may contaminate the zinc and sul-
ic acid of no consequence whatever. It is only necessary, in
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such examinations, to scrape off some of the green coloring-mat-~
ter, dissolve it in dilute chlorhydric acid, and add the solution to
the hydrogen flask of the apparatus described above. Arsenio
greens instantly give enormous mirrors and spots under these
conditions.

333. In medico-legal investigations, upon whose results life
often depends, it must always be remembered that arsenic is
very widely diffused in the mineral kingdom, and that it is a
matter of great difficulty to procure reagents absolutely free
from it. The substances employed as reagents in Marsh’s test
are often contaminated with it; and the acids used in destroying
organic matter may well contain arsenic enough to becoine visible
after the great concentration of this impurity which inevitably
occurs in the evaporation of the liquid which results from the
burning of the organic matter. The use of zinc is avoided, and
other advantages gained, by obtaining the necessary hydrogen
by the electrolysis of acidulated water. (§ 35.) When a solu-
tion of arsenious acid, acidulated with chlorhydric or sulphuric
acid, is decomposed by the electric current, the greater part of
the arsenic eliminated at the negative pole is given off in the
form of arseniuretted hydrogen, which may be examined pre-
cisely as if it were generated in Marsh’s apparatus. This method
is very delicate, and seems to possess considerable advantages
over Marsh’s process, but it has not yet (1870) been actually
applied in judicial investigations.

334. To describe the methods by which the analytical chemist
purifies his reagents and proves their purity, would involve de-
scending into technical details which are unsuitable for this
manual.- Zinc and acids, pure enough for illustrative experi-
ments, can be bought of the dealers in pure chemicals. None
but expert analysts should ever be intrusted with the chemical
investigation in a supposed case of poisoning by arsenic. A
difficulty attending such examinations remains to be discussed
under the metal antimony, a substance which combines with
bydrogen, as arsenic does, to form a gas which is decomposed by
beat, a8 arseniuretted hydrogen is, with deposition of a metallic
mirror which cannot be distinguished by mere inspection from
that of arsenic. Since preparations  of antimony are much em-
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as medicines, and particularly since tartar-emetie, a salt
ing antimony, is often administered in cases of poisoning,
ential to find means of distinguishing between compounds
ic and the analogous compounds of antimony.
Chloride of Arsenic.—Only one chloride of arsenic is
the terchloride (AsCl,), corresponding to the terchloride
phorus. No quinquichloride corresponding to the quin-
ride of phosphorus is known. The chloride of arsenic is
by paseing dry chlorine gas over finely divided metallic
placed in a retort. The combination is usually attended
mbustion ; and the heat developed is sufficient to distil the
y over into the receiver. It may also be made by dis-
+ mixture of metallic arsenic and the mercury compound
orrosive sublimate, in accordance with the following equa-
which Hg stands for mercury (Hydrargyrum):—
6HgCl, + 2As = 3HgCl, + 2AsCl,.
rosive Sublimate. Calomel.
ride of arsenic may also be procured by distilling arsenious
th common salt and sulphuric acid. Small lamps of fused
uld be added from time to time to 8 mixture of arsenious
th a large excess of sulphuric acid ;:—
), + 6NaCl + 6H,SO, = 3H,0 + 2AsCl, 4 6NaHSO,.
Terchloride of arsenic is a dense, colorless, oily liquid,
specific gravity is 2:205. It boils at 132°, producings
those demsity is 90-91. It evaporates freely at the ordi-
‘mperature, producing fumes of arsenious acid. It is
poisonous. The chloride is decomposed by an excess of
ato chlorhydric acid and arsenious acid, just as the chlo-
phosphorus is resolved by water into chlorhydric and
rous acids; this reaction is the basis of the best deter-
n of the atomic weight of arsenic.
2AsCl, + 3H,0 = 6HC1 + As O,

chlorine in a known weight of chloride of arsenic is con-
)y this reaction into chlorhydric acid ; the weight of the
» contained in this chlorhydric acid can be accurately de-
d, and the weight of the arsenic with which this quantity
ine was originally combined is obtained by simple sub-
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traction. The proportions by weight in which arsenic and chlo-
rine combine are thus determined. In terchloride of arsenio,
88 in terchloride of phosphorus, three volumes of chlorine unite
with only half a volume of arsenic vapor to produce two vo-
lumes of the terchloride vapor. Indeed all the volatile compounds
of arsenic illustrate the fact, already mentioned (§§ 305, 309),
that the unit-volume weight, or specific gravity, of arsenic vapor
is the double of its atomic weight.

337. Bromide and Iodide of Arsenic. 1t is enough to say of
these two compounds that they are crystallizable solids, obtain-
able by the direct action of the elements upon each other, and
answering to the formulee AsBr, and Asl, respectively.

338. Sulphides of Arsenic—There are three well-defined
sulphides of arsenic, corresponding to the formulm AsS8,, AsS8,,
and As S,. The first two occur as natural minerals, realgar and
orpiment, and may also be obtained in the free state by artificial
processes ; the third is known only in combination.

339. Bisulphide of Arsenic (As8,).—The native mineral re-
algar has this composition. The compound is obtained artifi-
cally by melting arsenic with sulphur, or arsenic with orpiment
(see the next section), or sulphur with arsenious acid, in such
proportions in either case as will bring together those parts by
weight of the two elements which the above formula requires.
The commercial product is a brownish-red opaque substance of
varisble composition, generally containing free arsenious acid.
Realgar is one of the ingredients of white Indian fire, a mixture
of 24 parts of nitre, 7 of sulphur, and 2 of realgar, sometimes
used as a signal light.

340, Tersulphide of Arsenic (As,8,).—This sulphide occurs na-
tive in translucent rhombic prisms of a yellow color. It is
obtained artificially by passing sulphydric acid gas through a
solution of arsenious acid, or an arsenite acidulated with chlor-
hydric acid ; the sulphide falls as a bright yellow amorphous
powder, insoluble in water and dilute acids. It melts easily, and
burns in the air with a pale blue flame; in closed vessels it may
be sublimed without change.

Under the name of orpiment, this sulphide is used as an orange
pigment; a mixture of the sulphide with arsenious acid, called
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ow, was formerly employed as a yellow pigment.
re tersulphide was made by subliming 7 parts of
cid with 1 part of sulphur, a proportion of sulphur
1t to convert all the acid into tersulphide. If a pat-
ated upon cotton cloth with a preparation containing
®id, and the cloth be then passed through water con-
phydric acid, orpiment will be deposited in the fibre
and the pattern will be brought out in orange-yellow.
ready seen (Exp. 132) that the tersulphide of arsenic
rror of metallic arsenic when heated in a closed tube
ture of carbonate of sodium and cyanide of potassium.
e is readily dissolved by a cold solution of potash,
amonia, the oxygen of the alkali converting part of
in the sulphide into arsenious acid, while the alkali-
ines with the sulphur liberated ; this alkaline sulphide
with the undecomposed portion of sulphide of arsenie
wlphur-salt, whose composition is that of an arsenite
1e oxygen has been replaced by sulphur.

8, + 5K,0 = 3(K}8,As8,) + 2K,0,A5,0,.

be added to this solution, no sulphuretted hydrogen is
is generally the case when an acid is brought in con-
n alkaline sulphide, but the sulphur and arsenic re-
d are separated as tersulphide of arsenic.

)+ 2K,0,A5,0, + 10HCI = 10KCl + 5H,0 + 4As S,
pharsenites.—The tersulphide of arsenic unites with
lic sulphides in three different proportions, forming
ium, for example, the three salts 3K,S,As S, 2K,
K,8,As,8. One mode of preparing a sulpharsenite
sntioned in the last section ; another method is to dis-
ious acid in an alkaline sulphydrate, in which case
the alkali is converted into arsenite :—

2As,0, + 4KHS = K 8,As8, + K,0,A5,0, 4+ 2H,0.
As,0, + 2KHS = KAsS, 4+ KAsO, + H,0. ’
rsenites of the other metals are mostly obtained from
'senites of sodium and potassium by the method of
ymposition. The sulpharsenites are either yellow or
wre obscure bodies, of no practical importance at pre-
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sent. They illustrate, however, two points of theoretical in-
terest—namely, the existence of sulphur-salts which bear to
sulphides the same relation which oxygen salts bear to oxides,
and the parallelism of composition between these two classes of
salts. We place beside each other the empirical formulee of the
sulphur-salts of potassium and arsenic, and the corresponding
oxygen-salts:—

Sulphur-salts. Ozygen-salts.
K,AsS, K, As0,
KGASISI K‘Asiol

2 OI

342. Quinquisulphide of Arsenic (As,S,).—A sulphide of arsenio
corresponding to anhydrous arsenic acid is not known in the free
state. The quinquisulphide is known only in combination with
sulphides of the metals in sulphur-salts called sulpharseniates.
When a solution of sulphide of sodium is digested with some ter-
sulphide of arsenic and sulphur enough to permit the formation of
the quinquisulphide, and the solution, after long standing, is con-
centrated by cvaporation and then cooled, large colorless crystals
of sulpharseniate of sodium are obtained, which are not changed
by exposure to the air. The crystals have the composition in-
dicated by the formula 3Na8,AsS, 4+ 156H,0. The sulphar-
seniate, 2Na,8,As,S,, may be prepared by saturating the aqueous
solution of the corresponding oxygen-salt 2Na,0,As,0, with sul-
phydric acid gas. The sulpharseniates of the alkali-metals, and
a few others, are soluble in water ; but the greater number of sul-
pharseniates are insoluble. These insoluble salts are prepared by
mixing a solution of an alkaline sulpharseniate with a solution of
some salt of the metal whose sulpharseniate is desired. The same
parallelism is observable between sulpharseniates and arseniates
8s between sulpharsenites and arsenites.
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ered antimony takes fire when thrown into chlorine gas,
sombines very energetically with bromine and iogine.
. finely powdered, it is dissolved by boiling chlorhydric acid,
svolution of hydrogen ; if a little nitric acid be added to the
iydric, the metal dissolves easily, to form a solution of
oride of antimony (SbCL). The metal, when in fine pow-
3 also dissolved readily by solutions of the higher sulphides
ium and potassium, with formation of sulphantimonites and
antimoniates.

'. In spite of the strong tendency of this metal to crystal-
t can be obtained in an amorphous form by the electrolysis
centrated antimonial solutions. This amorphous antimony
8 contains, however, 5 or 6 per cent. of terchloride of an-
y and a trace of chlorhydric acid; whether these foreign
wnces are retained mechanically, or not, within the mass, is
ear. The amorphous metal has a dark steel-color, a smooth
e, a comparatively soft texture, a lustrous amorphous frac-
ind a specific gravity varying from 574 to 5-83. When
7 heated or sharply struck, the amorphous antimony sud-
manifests a great heat, the temperature rising from 15° to
and upwards, and fumes of terchloride of antimony are
«d. After undergoing this peculiar change, the metal ap-
nates to the crystalline variety in structure, density, and

). Antimony enters into the composition of several very
)le alloys. T'ype-metal is an alloy of lead and antimony,
ning about 20 per cent. of antimony. For stereotype
i to g% of tin is usually added to this alloy. The com-
vhite metallic alloys used for cheap teapots, spoons, forks,
ke utensils, are variously compounded of brass, tin, lead,
th, and antimony ; for example, a superior kind of pewter
le of 12 parts tin, 1 part antimony, and a small proportion
oper; Britannia metal is sometimes compounded of equal
of brass, antimony, tin, bismuth, and lead. The value of
ony in these alloys depends upon the hardness which it
unicates to the compounds, without rendering them incon-
itly brittle,

’h zinc, antimony forms two alloys having a definite crys-
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talline character. The alloy containing 43 per cent. of zine
crystallizes in silver-white needle-like prisms ; it answers to the
formula 8bZn,. The alloy containing 33 per cent. of zino
crystallizes in broad plates presenting no similarity to the form
of the other alloy; it answers to the formula SbZn. These
alloys, especially 8b,Zn,, decompose boiling water with evolu-
tion of hydrogen. The crystals of these two alloys are obtained
by the method of fusion (§ 194). In each of these crystallized
alloys, the crystalline form may be preserved, although the pro-
portions of the ingredients may vary considerably from the exact
atomic proportions indicated by their formulee. Thus needles may
be obtained in which the actual proportion of antimony present
varies from 35-77 per cent. to 57-24 per cent., the exact atomie
proportion being 55-7 per cent.; and the percentage of antimony
in the plates may fall as low as 64:57, or may rise as high as
79-42, although 65-07 per cent. is the true atomic proportion.
These interesting crystalline alloys strikingly illustrate, therefors,
a principle of wide applicability, namely, that a definite crystal-
line form is not necessarily a guaranty of an unvarying chemical
composition.

349. Antimony and Hydrogen—The composition of the ga-
seous compound of these two elements is not certainly known,
inasmuch as it has never yet been prepared free from admixed
bydrogen. When a solution of any salt of antimony is poured
into a mixture of zine and dilute acid which is disengaging hy-
drogen, the antimony compound is decomposed; ome portion of
the antimony, and sometimes even the whole of it, is deposited
upon the zine, while another portion usually combines with the
hydrogen, and assumes the gaseous state. When this compound
gas is passed through a solution of nitrate of silver, a precipitate
i8 produced which has been found to consist of antimonide of
silver, 8bAg,. Since silver is a metal which replaces hydrogen,
atom for atom, it is a natural inference that the gas which has
produced this precipitate must have the composition represented
by the formula S8bH,. This supposition derives strength from
the analogous formuls of the well-known gases ammonia, NH,,
phosphuretted hydrogen, PH,, and arseniuretted hyrogen, AsH,

Antimoniuretted hydrogen is a colorless gas, inodorous when
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arseniuretted hydrogen, and insoluble in water and
iquids. The gas is decomposed at a red heat into anti-
| hydrogen; it burns in the air with a whitish flame,
i off a white smoke of teroxide of antimony; when a
d porcelain is held against a burning jet of the gas,s
t of metallic antimony is deposited on the porcelain.
ctions resemble those of arseniuretted hydrogen (§ 305).
8.—Dissolve 05 grm. of tartar-emetic (tartrate of antimony
ium) in about 80 c. c. of water. Add a few centimetres o
m thus obtained to the bottle of the apparatus represented
48, in which hydrogen is already being generated from zinc

Fig. 48,

P:W“}—::‘-:»{)

sulphuric acid. Antimoniuretted hydrogen will be produced,
1 be submitted to precisely the same series of operations by
miuretted hydrogen was examined. (Exp. 133.) By best-
rd glass tube at a and b successively, two mirrors of antimony
tained ; when the gas reaches the jet without decomposition,
color of the flame will be observable; when a cold piece of
is pressed against the burning jet, spots of antimony will be
thereon. Preserve these mirrors and spots.

7.—Compare together the spots obtained on porcelain from
ed hydrogen (Exp. 183) and from antimoniuretted hydrogen
). 1. The arsenical spot has a metallic lustre, and a brown
m thin ; the stain of antimony has a feeble lustre, and is
ck. 2. The arsenical stain disappears readily on the appli-
heat below redness ; the stain of antimony is volatile only
at.  Onaccount of the comparative want of volatility which
'8 the antimony deposit, the mirrors of antimony obtained
s tube (Exp. 1306) are always deposited nearer the heated
the tube than the arsenic mirrors are. 8. The arsenical
be distinguished, moreover, from the antimonial stains by
solution of “chloride of soda” (a mixture of hypochlarite
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of sodium with chloride of sodium, prepared by mixing a solution of
chloride of lime with carbonate of sodium in excess, and filtering);
this solution, which is analogous to, and indeed may be replaced by,
a solution of chloride of lime (§ 120), immediately dissolves arsenical
gpots, but leaves antimonial spots unaffected for a long time. For the
application of this test it is convenient to produce some spots on the
interior of a concave bit of porcelain. 4. On warming an argenic
spot with a drop or two of aqua regia, and evaporating to dryness, a
slight residue of arsenic acid is left, recognizable by it ready solubility
in a drop of water; if to this drop of arsenic acid solution a drop of
ammonjo-nitrate of silver be added, a brick-red turbidity, due to the
formation of arseniate of silver, will be produced. This ammeonio-
nitrate of silver is prepared by adding exactly ammonia enough to a
solution of nitrate of silver to redissolve the precipitate which forms at
fist. The antimony spot treated in the same way yields no such red
precipitate. 5. An antimony stain will dissolve readily in & few drops
of a solution of sulphydrate of ammonium which has become yellow
by keeping ; when such a solution is evaporated to dryness, a bright
orange stain remains. The arsenical stain, on the contrary, is not per-
ceptibly affected by the yellow sulphydrate of ammonium solution,
unless heat is applied.

Ezp. 188.—Connect the tube of hard glass in which two arsenic
mirrors were formed, in Exp. 188, with a sulphuretted-hydrogen-ge-
nerator (Appendix, § 19), interposing between the tube and the gene-
rator & suitable drying-tube or bottle filled with chloride of calcium ;
then transmit through the tube a very slow stream of sulphydric acid
gas, and heat the mirrors with a small gas-flame, proceeding from the
outer to the inner border of the mirrors, in the direction opposite to that
of the gas current.

Repeat the same process with the tube containing the antimony
mirrors obtained in Exp. 186.

Yellow tersulphide of arsenic is formed in one case, and orange-red
or black tersulphide of antimony in the other. 'When both metals are
present in one mirror, the two sulphides appear side by side, the sul-
phide of arsenic as the more volatile lying invariably beyond the
sulphide of antimony.

Ezp. 139.—Transmit through the tube which contains the sulphide
of arsenic a stream of dry chlorhydric acid gas (§ 95), without apply-
ing heat ; no alteration will take place in the yellow sulphide.

Transmit the same gas through the tube containing the sulphide of
antimony ; the sulphide of antimony will immediately disappear. If
the gaseous current be then passed through some water, the presence
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of antimony in the water can be demonstrated by means of sulphydrie
acid (§ 210).

‘When both sulphides are present at once, the chlorhydric acid at-
tacks and rcmoves the sulphide of antimony, while the sulphide of
arsenic remains behind. A drop or two of ammonia-water, drawn into
the tube, will then dissolve the sulphide of arsenic. This solubility in
ammonia distinguishes the yellow sulphide from sulphur itself, with
which it might otherwise be sometimes confounded.

Antimony and Ozygen.—Antimony forms two well-marked
oxides, analogous to the oxides of arsenic, the teroxide or anti-
monious acid, 8b,0,, and the quinquioxide or antimonic acid,

8b0,; a compourald’of these two oxides Sb,0,, 8b,0, = 28b,0,

27y
is sometimes recognized as a distinet oxide under the name of the
quadroxide.

850. Teroxide of Antimony.—This oxide occurs as a natural
mineral, called White Antimony or Antimony Bloom. Like
arsenious acid, it is dimorphous, crystallizing in rhombic prisms
belonging to the trimetric system, and also in regular octahedrons.
The artificial, as well as the native, teroxide is dimorphous.
Antimonious oxide is produced when antimony is burnt in the
air, or heated to full redness in imperfectly covered crucibles.
The easiest mode of getting it is to heat the tersulphide (Sb,S,)
with strong chlorhydric acid as long as sulphydric acid continues
to escape, and pour the resulting solution of the terchloride
(SbCl,) into a boiling solution of carbonate of sodium :—

28bCl, + 3Na,CO, = 8b,0, + 6NaCl + 3CO,.

If the solution of carbonate of sodium be cold or only warm
instead of boiling, a hydrate of the teroxide is precipitated;
8b,0,,H,0 = 2SbHO,.

Antimonious oxide is white or grayish-white at ordinary tem-
peratures, but turns yellow when heated. It melts below a red
heat, and sublimes when raised to a higher temperature in a
closed vessel. When heated in the air it is partly converted into
antimonic acid. It is readily reduced to the metallic state by
ignition with hydrogen, charcoal, or potassium. Teroxide of
antimony dissolves sparingly in water, but freely in strong chlor-
hydric acid; it also dissolves in a hot solution of tartaric acid, or
of acid tartrate of potassium (cream of tartar). The solution
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obtained in the latter case contains the tartrate of antimony and
potassium (C,H KSbO,), commonly called tartar-emetic. Ordi-
nary nitric acid does not dissolve the teroxide ; but faming nitrie
acid and fuming sulphuric acid both dissolve it, forming solutions
which ultimately deposit shining scales of a nitrate in the one case
and a sulphate in the other.

It is obvious, from these facts, that this oxide of antimony dif-
fers from all the oxides wbich we have heretofore studied, in that
it is capable of reacting upon strong acids in such wise as to form
salts wherein the antimony plays very much the same part which
lead plays in nitrate of lead PbN,0, (Exp. 42), or calcium in
CaSO, (p. 88). This truth is expressed in technical language
when we say that the teroxide of antimony is capable of acting
as a base; the oxides heretofore studied have either been acids,
like the oxygen acids of the chlorine and sulphur groups, of
nitrogen, phosphorus, and arsenic, or they have been indifferent
bodies not inclined to form definite, stable componnds by union
with other substances.

But if, on the one hand, teroxide of nntunony is thus some-
times a base, on the other it also acts as a feeble acid. The arti-
ficial teroxide dissolves readily in solutions of caustic potash and
soda, forming very unstable antimonites, which are decomposed
by boiling, or mere evaporation. These antimonites are analo-
gous to the arsenites; but it is to be observed that arsenious acid
8 not only a stronger acid than antimonious, but that, unlike
antimonious oxide, it never plays the part of a base.

351. Antimoniate of Antimony or Quadroxide of Antimony
(8b,0,).—This oxide occurs as a native mineral. It may be
prepared artificially by heating strongly the quinquioxide (Sb,0,),
or by roasting the teroxide or the tersulphide, or by treating pow-
dered antimony with an excess of nitric acid. Asthus prepared,
it is white, infusible, and unalterable by heat, slightly soluble
in water, more soluble in chlorhydric acid, and easily resolvable,
by boiling with a solution of cream of tartar, into antimonious
oxide and antimonie acid. 28b,0, = 8b,0,,8b,0,. The oxide
may therefore be regarded as a compound of the two other
oxides of antimony; but it is sometimes considered a distinot
oxide on the ground that it yields by fusion with caustic potash,

T
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or carbonate of potassium, an amorphous saline mass whose
oomposition answers to the formula K,0,8b,0,. This salt itself,
however, if such it be, can be regarded as a mixture of an anti-
monite and an antimoniate :—

2(K,0,8b,0,) = K,0,8b,0, + K,0,8b,0,.

852. Quinquioxide of Antimony or Antimonic Acid (Sb,0,)—
This compound is obtained as a hydrate:—1. By treating anti-
mony with nitric acid or aqua regia containing an excess of
nitric acid. 2. By decomposing the quinguichloride of antimony,
BbCl, (§ 3564), with water :—

28bCl, + 5H,0 = 8b,0, + 10HCL

8. By precipitating a solution of antimoniate of potasstum
(K,0,8b,0, + 6H,0) with a strong acid. This antimoniate of
potassium is obtained by fusing one part of antimony with four
parts of nitre, digesting the fused mass with tepid water to re-
move nitrate and nitrite of potassium, and boiling the residue for
an hour or two with water; the white insoluble mass of anhy-
drous antimoniate is thereby transformed into a soluble hydrate,
and the solution, treated with a strong acid, yields a precipitate
of hydrated antimonic acid. The hydrated antimoniate of po-
tassium itself is a gummy, uncrystallizable salt.

The hydrated oxide, obtained by either of these methods, gives
off its water at a heat below redness, and yields anhydrous anti-
monic acid as a yellowish, tasteless powder, insoluble in water
and acids. At ared heat it gives off one-fifth of its oxygen, and
is converted into the quadroxide. A boiling solution of caustic
potash dissolves the oxide.

The hydrated ‘oxide obtained by the first and third of the
above methods is not identical with that which results from the
second process. The product of the first and third methods is
called antimonic acid; the product of the second is called met-
antimonic acid, a term derived from a Greek adverb which was
used in composition to denote a change of place, condition, or
quality. Antimonic acid forms normal salts of the compoaition
M.0,8b,0, and acid salts containing M,0,28b.0,, while met-
sntimonic acid forms normal salts containing 2M,0,8b,0, and
acid salts answering to the formula 2M,0,28b0,; the acd
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metantimoniates are isomeric (§ 312) with the normal anti-
moniates.

The metantimoniates of sodium, potassium, and ammonium are
crystalline; the antimoniates of the same bases are gelatinous
and uncrystallizable. The antimoniates and metantimoniates
of sodium, potassium, and ammonium are the only ones which
are readily soluble in water; all other antimoniates and met-
antimoniates are insoluble or sparingly soluble. Normal anti-
moniates correspond with normal nitrates :—

M,0,8b,0, = M 8b.0, = 2M8bO,.
M, 0,N,0, = M,N,0, = 2MNO,.
Normal metantimoniates are analogous to pyrophosphates :—
2M.0,8b,0, = M Sb,0,.
2M.0,P,0, = M PO,

Antimony and Chlorine.—Antimony forms two chlorides, s
terchloride, SbCl,, and a quinguichloride, 8bCl,, both of which
have their analogues in the chlorides of phosphorus, already
studied ; the terchloride is also comparable with the chloride
of arsenic. The metal unites directly with chlorine on contact
(Exp. 54), and the two chlorides are bodies of considerable sta-
bility.

353. Terchloride of Antimony (SbCl,).—This chloride is
formed when chlorine gas is passed slowly through a tube con-
taining antimony in large excess. It may also be prepared by
distilling 3 parts of antimony with 8 parts of corrosive sublimate
(chloride of mercury), or 2 parts of the tersulphide of antimony
with 4:6 parts of corrosive sublimate :—
28b+ 3HgCl,=28bCl, + 3Hg; Sb,8, + 8HgCl,=28bCl, + 3HgS.
The easiest method of preparing this chloride is to dissolve the
tersulphide of antimony in strong, hot chlorhydric acid, or me-
tallic antimony in the same acid, to which a little nitric acid has
been added ; the resulting liquid, in either case, after evapora-
tion to an oily consistency, should be distilled.

At the ordinary temperature, terchloride of antimony is a
translucent yellowish substance of fatty consistency, whence its
popular name, butter of antimony. It melts at 72° and boils at
about 200°, fames alightly in the air, is deliquescent and highly

2
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oorrosive. When thrown into water, it is decomposed into chlor-
hydric acid and teroxide of antimony. which, however, remains
united with a portion of the chloride, forming & white powder
which contains antimony, chlorine, and oxygen, but is somewhat
variable in composition. This white precipitate is redissolved
by excess of chlorhydric acid, and the solution thus obta'ned is
the most convenient that can be used for exhibiting the reactions
of antimony. The addition of tartaric acid to this solution pre-
vents its decomposition by water.

Ezp. 140.—In a flask of about 200 c. c. capacity, heat gently 0-5
grm. of finely powdered antimony with 80 c. c. of strong chlorhydrie
acid, to which 10 drops of nitric acid have been added. When com-
plete solution has been effected, pour a little of the chloride into wates,
to demonstrate the decomposition just referred to. Evaporate the rest
of the solution to the consistency of a thick syrup; it is the butter of
antimony.

The anhydrous terchloride combines with the chlorides of
sodium, potassium, and ammonium, and certain other chlorides,
to produce crystalline saline compounds, analogous in composi-
tion to those oxygen and sulphur compounds to which the term
salt is commonly applied.

354. Quinquickloride of Antimony (SbCl,).—This compound
is formed, with brilliant combustion, when finely powdered anti-
mony is thrown into chlorine gas (Exp. 54). It may also be
prepared by passing dry chlorine over warm powdered antimony,
or over the terchloride.

Ezp. 141.—Fill a hard-glass tube, No. 2, 160 c.m. long with
coarsely powdered antimony, and fit one end of the tube so charged
into a tubulature of a two-necked glass receiver, the other neck of
which is connected with a source of dry chlorine. Support the long
tube at an angle of 10° or 16° with the table, so that its open end shall
be some 20 c.m. higher than the end which enters the receiver.
Keeping the tube warm throughout its whole extent, pass chlorine
slowly and continuously into the receiver. Combination takes place
in the tube and the product flows back into the receiver, where it re-
mains in contact with chlorine ; the long layer of antimony prevents
the escape of any free chlorine. Preserve the product in a glass-

stoppered bottle.

' The quinquichloride is a colorless, or yellowish liquid, which
is very volatile and emits suffocating fumes. Water in small
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proportion forms with it white deliquescent crystals, but in large
quantity water decomposes the chloride into chlorhydric and
antimonic acids.

355. We are familiar with nitric acid (N,O,) as an oxidizing
agent, as a substance which readily yields some of its oxygen to
other bodies with which it is brought in contact; in a perfectly
analogous sense, the quinquichloride of antimony and its analogue
the quinguichloride of phosphorus, may be said to be chloridizing
agents of great power, for they readily impart chlprine to other
sabstances. These two chlorides are much used in organic che-
mistry far preparing chlorine compounds; thus, for example, the
compound of carbon and hydrogen called ethylene or olefiant gas,
C,H,, is converted by passing through boiling quinquichloride of
antimony into an oily bichloride, C,H,Cl,, known as Dutch liquid.
The quinquichloride acts as a carrier of free chlorine, being itself
reduced to the terchloride.

Terbromide and Teriodide of Antimony (8bBr, and SbI,).—It
is enough to mention the existence of these compounds, formed
by the direct union of the elements.

Antimony and Sulphur.— Antimony forms two sulphides, 8b,8,
and 8bS,, corresponding to antimonious oxide and antimonio
acid, and possibly an intermediate sulplnde corresponding to the
quadroxide.

356. Tersulphide of Antimony (Sb,8, ,).——Thm compound exists
in the crystalline and in the amorphous state, Crystallized ter-
sulphide of antimony is a natural mineral called grey antimony or
antimony-glance. 1t is the source of all the antimony and anti-
mony compounds of commerce. The mineral has a lead-grey
color and a metallic lustre; it is friable and very fusible, melting
even in the flame of a candle. At a white heat it may be distilled
unchanged in closed vessels, but by roasting in the open air it is
converted into a fusible mixture of teroxide and tersulphide of
antimony. This oxysulphide, after it has been fused, constitutes
the commercial glass of antimony, which contains about 8 parts
of the teroxide to 1 part of the tersulphide; the greater the pro-
portion of sulphide, the darker the tint of the glass.

The native tersulphide is seldom pure, being generally con-
taminated with lead, copper, iron, and arsenic. To obtain pure
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orystallized tersulphide of antimony, it is best to prepare it arti-
ficially by fusing pure metallic antimony with sulphur in the
required proportions by weight. The materials must be finely
powdered and intimately mixed, and the mixture thrown by
small portions into a heated crucible. The reactions of crystal-
lized sulphide of antimony are the same as those of the amar-
phous sulphide, to be presently described-; but they take place less
quickly, on account of the greater cohesion of the mass.

Amorphous tersulphide of aptimony can be procured by several
proceases, from which we may select the two simplest :—1. The
native grey tersulphide is changed into the amorphous variety
by keeping it in the fused state for a considerable time, and then
oooling it very suddenly by throwing the vessel in which it has
been melted into a large quantity of cold water. The product
is an amorphous mass, having a conchoidal fracture, and a less
specific gravity, but a greater hardness than that of the crystal-
line variety. Its color,in thin pieces, is hyacinth-red ; in the state
of powder, orange-brown. 2. When sulphydric acid gas is passed
into an acidulated solution of an antimony-salt (that of tartar-
emetic for example), a bright orange-red precipitate of a hydrated
tersulphide of antimony is formed, which may be rendered anhy-
drous at a moderate heat without losing its red color.

Ezp. 142.—Dissolve 2 grms. of tartar emetic in 50 c. c. of water
and add to the solution a few drops of acetic acid ; pass a slow current
of sulphuretted hydrogen, from a self-regulating generator (Appendix,
§ 19), through this solution for ten minutes. The precipitate is the
hydrated tersulphide of antimony. Collect this precipitate upon a
filter and wash it.

Ezp. 143.—Pour a dilute cold solution of caustic soda upon the
washed precipitate of the last experiment as it lies upon the filter, and
collect the filtrate in a test-tube; if the whole precipitate does not
shortly redissolve, pour the filtrate a second time upon the undissolved
precipitate in the filter, or use an additional quantity of soda-lye, if
necessary. There is produced a mixture of sulphantimonite of sodium
and teroxide of antimony, which is soluble in the excess of soda-lve.

28b,8, + 6NaHO = 3Na,8,Sb,;S, + 8b,0, + SH,0.
Ezxp. 144.—Pour the clear alkaline solution, obtained in the last

experiment, into two or three times its bulk of dilute chlorhydric acid.
The whole of the antimony will be thrown down again as tersulphide,
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without any evolution of sulphuretted hydrogen, because the gas
evolved from the sulphantimonite is exactly absorbed by the dissolved
teroxide:— -
8Na,S,Sb,S, + 6HCl = 6NaCl + 8b,S, + SH,S

Sb,0, + 8H,S = Sh,S, + 8H,0.

When hydrated amorphous tersulphide of antimony is boiled
with a solution of carbonate of sodium, it is dissolved ; the filtered
liquid, on cooling, deposits a reddish-brown substance, formerly
much used in medicine, and known as kermes mineral. This sub-
stance is not a definite compound, but is a variable mixtire of
tersulphide and teroxide of antimony, the latter being combined
with a small portion of the alkali. Minute crystals of teroxide
of antimony have been recognized in this mixture by microscopio
examination. A solution of cream of tartar will dissolve out the
teroxide, leaving the tersulphide. On acidulating the cold filtered
liquid, after the deposition of the kermes, with chlorhydric acid,
8 particularly bright orange precipitate of sulphide of antimony,
known as the golden sulphide, is procipitated. Artificial sulphide
of antimony can, indeed, be precipitated of almost any color be-
tween a light orange and & blackish brown. A vermilion-red
sulphide has found some applications as a paint.

Ezp. 145.—Place in & porcelain dish 10 grms. of a solution of
chloride of antimony of about 1:35 specific gravity; add to this chlo-
ride a cold solution of hyposulphite of sodium made by dissolving 16
grms. of the salt in 80 c. c. of water ; heat the dish very slowly, and
stir its contents continually so long as any precipitate separates from
the liquid. The sulphide of antimony is thrown down of a brilliant
red color. The color of the precipitate is darker in proportion as the
temperature of the mixture is higher; when, therefore, a fine red is
produced, the lamp may be withdrawn, in order to prevent the color
from growing brown. The precipitate is collected on a filter, drained
thoroughly, and then washed, first with dilute acetic acid and subse-
quently with water.

Sulphantimonite solutions, similar to those prepared in the wet
way, may be obtained by fusing tersulphide of antimony with dry
caustic soda or potash, or with the carbonates of sodium or potas-
sinm, and boiling the residue with water. During the exposure
to air of hot sulphantimonite solutions, a process of oxidation
takes place, whereby the sulphur set free from one portion of
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the salt converts another portion into the state of sulphantimoniate,
#o that on acidulation some quinquisulphide of antimony is pre-
cipitated along with the tersulphide.

Like the tersulphide of arsenic, the tersulphide of antimony is
a sulphur-acid which unites with basic metallic sulphides to form
sulphur-salts. The artificial sulphantimonites of the alkalies
have been alluded to above; there are many natural minerals of
analogous composition ; among such may be mentioned Miargyrite,
AgS8,8b.8,, Bournonite, 2Pb_8,Cu,8,8b 8, and Berthierite, 3Fe8,
28b,§].

367. Quinquisulphide of Antimony (Sb,8,).—This compound,
which is not native, is made by passing sulphuretted hydrogen
through quinquichloride of antimony dissolved in tartaric acid.
It may also be prepared by acidulating the solution of the sulph-
antimoniate of sodium, 3Na,8,8b,8, : —

3Na,8,8b,8, + 6HCl = 6NaCl 4 8bS, + 3HS.
The quinquisulphide is an orange-yellow, anhydrous, amorphous
powder, and is chiefly remarkable for the facility with which it
unites with the sulphides of the metals to form sulphantimoniates ;
on this account this sulphide is often ‘called sulphantimonic acid.
It is readily soluble in the sulphides, sulphydrates, and hydrated
oxides of sodium, potassium, and ammonium.

The sulphantimoniates have generally the composition repre-
sented by the general formula 3M S,8b 8,=2M §bS,, analogous
to that of the tribasic phosphates 3M,0,P,0,=2M PO,. The
sulphantimoniates of sodium, potassium, and ammonium are very
soluble in water, and crystallize with facility ; those of the heavy
metals are insoluble. The latter are precipitated by adding solu-
tions of metallic salts to a solution of the sulphantimoniate ot
sodium, keeping the latter in excess. The sodium salt may be
prepared as follows :—

In a wide-mouthed bottle, or other vessel which can be closed, mix
thoroughly 22 grms. of elutriated tersulphide of antimony, 26 grms.
of crystallized carbonate of sodium, 2 grms. of flowers of sulphur, 10
grms. of quicklime, slaked after weighing, and 40 c. c. of water. Let
the mixture digest at the ordinary temperature for 24 hours, with
frequent stirring ; then filter the liquid, wash the residue several times

_ with water, and evaporate the filtrate and the wash-water in a poroe-
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lain dish or clean iron pan, until a sample yields crystals on cooling. The
formation of the salt is accelerated by boiling. The whole is then left
to cool ; the deposited crystals are washed two or three times with
cold water and dried under a bell-jar over a dish of an absorbent like
quicklime or oil of vitriol. The salt is sulphantimoniate of sodium
Na,8bS,+49H,0; it forms transparent, colorless or pale yellow, regular
tetrahedrons.

CHAPTER XIX,

BISMUTH—IHE NITROGEN GROUP,

358. The metal bismuth is found chiefly in the metallio state,
but also occurs in combination with sulphur, oxygen, and tellu-
rium. It is prepared for the arts almost exclusively from native
bismuth. The process of extracting the metal from the gneiss
and clay-slate in which it generally occurs is very simple, the
mineral being merely heated in closed iron tubes, inclined in such
8 manner that the melted bismuth rans down into earthen pots,
which are heated sufficiently to keep the metal in a state of fusion.
It is then ladled out and run into moulds. The impure metal,
which often contains sulphur, arsénic, copper, nickel, and iron,
may be purified by melting it two or thres times with about 5
its weight of nitre.

Bismuth is a tolerably hard, brittle metal, of a grayish-white
color with a reddish tinge. When pure, it crystallizes more
readily than any other metal ; by the method of fusion (§ 188)
it may be obtained in most beautiful crystals, made highly iri-
descent by the thin film of oxide which forms on their surfaces
while they are still hot; these crystals look like cubes, but are
really rhombohedrons. Bismuth, like phosphorus, arsenic, and
antimony, is dimorphous, presenting forms both of the mono-
metric and hexagonal systems. The metal melts at 264° and
expands about g in solidifying; hence its specific gravity is
greater in the liquid than in the solid state. 'When the metal is
subjected to strong pressure, its specific gravity, normally 9-83,
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has been said to become less. At a high temperature bismuth
may be distilled. Of all metals it exhibits in the highest degree
the phenomena of diamagnetism. Its atomic weight is 210.

Exposed to dry or moist air the metal does not alter; but when
exposed to the combined action of air and water, it is super-
ficially oxidized. When heated in the air, it burns with a bluish
flame, forming yellow fumes. Strong chlorhydric acid acts on it
with difficulty ; sulphuric acid attacks it only when hot and con-
centrated ; nitric acid attacks it immediately, and effects complete
soluticn, with formation of nitrate of bismuth and evolation of
nitric oxide.

359. Bismuth promotes the fusibility of metals with which it
is alloyed to an extraordinary extent. The most remarkabls
alloy of bismuth is that known as «fusible metal.” When com-
posed of 1 part of lead, 1 part of tin, and 2 parts of bismuth, this
alloy melts at 93°75. BSolid fusible metal, like liquid water,
undergoes an anomalous contraction by heat. It expands regu-
larly from 0° to 35°, then contracts gradually as the temperature
rises to 55° at which point it is less bulky than at 0°, again
expands rapidly to 80° and beyond that temperature continues
expanding regularly up to its melting-point. On account of this
property of expanding as it cools while still in the soft state, the
alloy is much used for taking impressions from dies ; the finest
and faintest lines are reproduted with great accuracy. It is ob-
vious that an alloy possessing such properties must be something
more than a mere mixture of the constituent metals.

No compound of bismuth and hydrogen is as yet known.

Bismuth and Oxygen—Bismuth forms two principal oxides
a teroxide (Bi,0,) and an acid oxide (Bi,0,); besides these, there
is an intermediate oxide (Bi,0,) which may be represented as a
compound of the other two Bi,0,, Bi,0,=2Bi,0,.

360. Teroxide of Bismuth (Bi,0,).—This oxide is formed when
the metal is roasted in the air, but is best obtained by gently
igniting the nitrate or subnitrate. It is a pale-yellow, insoluble
powder, which melts at a red heat, and is easily reduced to the
metallic state by beating it with charcoal. A white hydrate of
this oxide, Bi,0,,H,0=2BiHO,, may be precipitated from a salt
of bismuth by an excess of ammonia. Teroxide of bismuth com-
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bines with acids to form the bismuth salts; in the normal salts
one atom of bismuth replaces three atoms of hydrogen, thus :—
Bi,0, + 3(H,N,0,) = 3H,0 + Bi 3(N,0,).

Basic salts of bismuth are also known, in which a larger propor-
tion of bismuth is present. Some of the normal salts crystallize
well from acid solutions, but they cannot exist in solution unless
an excess of acid is present. On diluting solutions of the nor-
mal salts with water, insaluble basic salts are precipitated ; this
reaction recalls the behavior of antimony solutions. The nitrate
of bismuth, Bi, 3(N,0,)+9H.,0, is the commonest soluble salt of
bismuth ; it is procured by dissolving the metal in nitric acid.
To the basic nitrate, which is precipitated when water is added
to the solution of the normal nitrate, the formula 5Bi,0,,4N,0,
4+9H,0 has been assigned. Bismuth salts are heavy compounds,
which are colorless unless the acid be colored ; they are poisonous
in large doses.

361. Quinquioxide of Bismuth, or Bismuthioc Acid (Bi,0,).—
When chlorine gas is passed through a concentrated solution of
potash holding teroxide of bismuth in suspension, a blood-red
solution is obtained, from which there soon separates a red pre-
cipitate ; this substance is a mixture of hydrated bismuthic acid
and teroxide of bismuth. Cold dilute mitric acid dissolves the
oxide, but does not attack the acid. The hydrated acid gives up
its water at a temperature of 130°, and the anhydrous quinqui-
oxide remains as a brown powder, which, in contact with acida,
parts very readily with a portion of its oxygen and falls back to
the state of teroxide. The anhydrous quinquioxide may be also
converted by a gentle heat into the intermediate oxide Bi,0,.
Bismuthic acid combines with caustic soda and potash, but the
compounds are decomposed by mere washing. The bismuthates
are little known, and are of interest only in so far as they go to
show the feeble acid character of the quinquioxide.

862. Terchloride of Bismuth (BiCl,).—This compound may be
obtained by heating bismuth in chlorine, or by mixing the metal
in fine powder with twice its weight of corrosive sublimate (chlo-
ride of mercury) and distilling. The same substance is produced
when bismuth is dissolved in aqua regia, and the excess of acid
evaporated. It i8 a very fusible, volatile, deliquescent body,
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which was called butter of bismuth, from its resemblance to the
butter of antimony, long before the relationship now established
between bismuth and antimony had been recognized. The terchlo-
ride is decomposed by water into chlorhydric acid, which dissolves
a portion of the chloride, and a precipitate containing bismuth,
chlorine, and oxygen, and called oxychloride of bismuth.
3BiCl, + 3H,0 = 6HCl + Bi,Cl0,.

The same oxychloride is precipitated when a solution of nitrate
of bismuth is poured into a solution of common salt. It is used
as a pigment, and is known as « pearl-white.” It may be distin-
guished from the analogous oxychloride of antimony by the fact
that it is insoluble in tartaric acid and in potash, both of which
dissolve the antimony compound. Terchloride of bismuth forms
crystallizable double salts with the chlorides of sodium, potas-
sium, and ammonium, These chlorine salts are analogous i
composition to, and isomorphous with, the corresponding double
chlorides of antimony.

863. Tersulphide of Bismuth (BiS,).—Bismuth glance, s
somewhat rare mineral which occurs in acicular prisms isomor-
phous with the native tersulphide of antimony, is a tersulphide
of bismuth. The same compound may be formed artificially by
fusing the pulverized metal with one-third its weight of sulphur.
Heated in close vessels, the sulphide evolves sulphur; heated
with access of air, it forms teroxide of bismuth and sulphurous
acid. The tersulphide is also obtained as a brown-black preci-
pitate when sulphuretted hydrogen is passed through a solution
of a bismuth salt.

Exp. 146.—Dissolve 0-56 grm. of finely powdered bismuth in aqus
regia, in a small flask; the aqua regia should be added by small por-
tions at a time, so0 as to avoid an unnecessary excess of acid, and the
mixture should be gently heated. When complete solution has bees
effected, pour one or two drops of the acid solution into a tumbler ful!
of water, and observe the precipitation of white oxychloride of bismuth
(§ 862). To the remainder of the solution add water, drop by drop,
with constant stirring, until a slight cloudiness appears; add a drop of
chlorhydric acid to clear the solution, and through the slightly acid
liquor, thus obtained, pass a slow stream of sulphuretted hydrogea
until the solution has become so thoroughly charged with this gas
that it continues to smell of sulphuretted hydrogen even after it has
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been removed from the source of the gas. Filter the brownish-black
precipitate of tersulphide of bismuth and wash it with water upon the
filter; scrape off a portion of the precipitate from the filter, with a
smooth alip of wood, and place it in a test-tube together with a few
drops of a solution of caustic soda; it will not dissolve. Test another
portion of the precipitate in the same way with a solution of sulphy-
drate of ammonium ; it will not dissolve. The last two reactions
establish distinct differences between the sulphides of bismuth and
antimony, in addition to their difference of color. Again filter, and
wash the undissolved sulphide and heat a little of it moderately on
platinum foil over the gas-lamp; sulphurous acid will be given off,
and the oxide of biemuth remains; this oxide readily melts to dark-
yellow globules.

364. The Nitrogen Gfou_p of. Elemam —The five clements
nitrogen, phosphorus, arsenic, antimony, and bismuth, form a
well-marked natural group of elements. In the first place, the
elements themselves exhibit a definite gradation of properties;
and secondly, the analogy in composition and properties, mani-
fested by the similar compounds of the five elements, is most
striking and complete.

Nitrogen is a gas, phosphorus a solid whose specific gravity
varies from 18 to 2-2, arsenic has the specific gravity of 56,
antimony of 6-7, while that of bismuth rises to 9:8. The metallic
character is most decided in bismuth, is somewhat less marked in
entimony, is doubtful in arsenic, and almost vanishes in phos-
phorus. All four of these elements are dimorphous, presenting
forms both of the monometric and hexagonal systems. The series
of corresponding hydrides, oxides, chlorides, and sulphides which
the elements of this group form are very perfect; they prove the
general chemical likeness of the five elements :—

Hydrides. Ogides.  Oxides.  Ozides.  Chlorides. Sulphides.

NH, N,0, N0, N0, NCL () PS8,

PH, PO, 80, PO, PC, As§, -
AsH, As0, B0, As0, AsCl, 8b.S,
SbH, b0, §b,0,  SbCl, BiS,
B0, B0, BiC|
B,
PCl, As S, -
SbCl,  8hS,
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The first four members of the group form gaseous terhydrides,
in which three volumes of hydrogen and one atom of a nitrogen-
group element are combined to form two volumes of the com-
pound gas. We have already spoken of the similarity of che-
mical composition, and the gradation of properties manifested by
these four hydrides. Ammonia is a powerful base, and require
a high temperature for its decomposition ; phosphuretted hydro-
gen is a very feeble base, while the basic character is not per-
ceptible in arseniuretted and antimoniuretted hydrogen. Each
of the last three hydrides is decomposed by simple exposure to
heat, phosphuretted hydrogen requiring the highest temperature,
arseniuretted hydrogen decomposing at a lower, and antimoni-
uretted hydrogen at a still lower degree of heat. The affinity of
bismuth for hydrogen is so feeble that it does not appear to forn
8 hydride.

The teroxides also show a gradation of physical and chemical
qualities. Teroxide of nitrogen (nitrous acid) is a highly vala-
tile liquid, that of phosphorus (phosphorous acid) a very volatile
solid, that of arsenic a less volatile solid, that of antimony s
solid volatile only at a full red heat, and that of bismuth a solil
which requires an extremely high temperature for its volatilizs-
tion. The teroxides of nitrogen and phosphorus form with water
strongly acid liquids; teroxide of arsemic is but a feeble acid:
teroxide of antimony is sometimes an acid and sometimes a
while teroxide of bismuth is a decided base. Arsenious
antimonious acids are isodimorphous. The series of quinqui
oxides also shows a very marked gradation of chemical en
especially when the compounds which they form with the
ments of water are considered. Nitric acid is a powerful
of intense energy; phosphoric acid is still a strong acid,
much less incisive than nitric acid ; arsenic acid has the corresi
properties generally attributed to acids, but it is chemically
rather less vigorous compound than phosphoric acid. The ph
phates and arseniates are, however, isomorphous, and the
acids are very much alike. In the quinguioxide of antime
the acid character becomes comparatively indistinct; and in
so-called bismuthic acid little remains but the name,

The terchloride of nitrogen has hardly been examined,
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account of its extreme instability. The other four terchlorides
are all volatile substances of analogous composition, since three
volumes of chlorine and one atom of the nitrogen-group element
unite to form two volumes of the compound vapor. The boiling-
points of the terchlorides of phosphorus, arsenic, and antimony
are 74°, 132°, and 223° respectively, while that of the terchlo-
ride of bismuth is considerably higher still. All four terchlorides
are decomposed by an excess of water.

The tersulphides of antimony and bismuth are isomorphous.

The elements of this group do not form many combinations
among themselves. They combine with hydrogen, metals and
compound radicals which replace hydrogen atom for atom, and
with the members of the chlorine group, by preference, in the
proportion of 1 atom to 3; they also combine with oxygen and
the members of the sulphur group, by preference, in the propor-
tions of 2 atoms to 3, or 2 atoms to 5.

When the qualities of the corresponding compounds which the
members of the nitrogen group form with other elements are duly
taken into account, it will be apparent that the relative chemical
power of each element of the group may be inferred from its po-
sition in the series of elements :—

N=14, P =381, As = 75 8b = 122, Bi = 210.
The chemical energy of these five elements, broadly-considered,
follows the opposite order of their atomic weights,

CHAPTER XX,
CARBON.

865. Carbon is an extremely important and a very abundant
element. All organic substances, all things which have life,
contain it. Large quantities of it occur in the mineral kingdom
88 well, both in the free state and in combination with oxygen

- and with other elements. The various forms of coal, graphite,
_petroleum, asphaltum, and all the different varieties of limestone,
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chalk, marble, coral, and sea shells contain it in large proportion.
It is found also in the atmosphere and in the waters of the globs,
and though existing therein in comparatively small proportion, it
is an ingredient not less essential than either of their other con-
stituénts for the maintenance of the actual balance ot organic
nature. All vegetable life is directly dependent upon the pre-
sence of the compound of carbon (carbonio acid) which exists in
the atmosphere.

866. Three distinct allotropic modifications of carbon are dis-
tinguished, namely:—1. The diamond ; 2. Plumbago or graphite;
and 3. Ordinary charcoal or lampblack. There are many sub-
varieties of the modification last named ; but their peculiarities
appear to depend chiefly upon physical conditions of aggregation,
whereas each of the three principal varieties of carbon above enu-
merated is really different from the other two in chemical quality
or nature.

367. The element carbon, in each of its modifications, is an in-
fusible, non-volatile solid devoid of taste and smell. But the
several modifications differ among themselves in color, hardnes,
lustre, specific gravity, behavior towards chemical agents, power
of conducting heat and electricity, and in various other respects.
All the varieties of carbon, however, agree in this, that on being
strongly heated in presence of oxygen they unite with it and
form carbonic acid (CO,); but in the comparative readiness with
which this result is attained great differences are noticeable in
the different varieties.

Lampblack and charcoal, as is well known, readily combine
with oxygen at the temperature of an ordinary fire; they bur
easily in the air. But graphite burns so slowly in air that it is
used for making the crucibles in which the most refractory metais
are melted. (See Appendix, § 26.) On being heated to a very
high temperature, however, in oxygen gas, graphite slowly under-
goes combustion ; and the same remark is true of the diamond
Both graphite and diamond can be consumed by nascent oxyges.
as when heated in the condition of fine powder with & mixture
of bichromate of potassium (a substance rich in oxygen) and sai-
pharic acid. They can be oxidized also by heating them writh
nitrate or with chlorate of potassium.
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868, Diamond.—Of this first variety of earbon, little need here .
besaid. The physical properties which render it so valuable, its
high refractive power as regards light, and its extreme hardness,
are familiar toall. It the hardest known substance, being capable
of scratching all other substances; the name diamond is a mere
corruption of the word adamant.

Of the chemistry of the diamond very little is known. It con-
sists of pure or nearly pure carbon, crystallized in octahedrons
and other forms of the first or regular system ; its specific gravity
is abont 355, and its specific heat 0-1469. It conducts electri-
city and heat but slowly; wnd yet it conducts heat so much
better than glass that this property is sometimes made use of
8 a test to distinguish false from real diamonds. Its refractive
power on light, as compared with that of glass or rock-crystal,is
as 247 to 1-6.

Chemists are as yet unable to prepare this variety of carbon
artificially ; the only source of it is the natural mineral. It was
thought, at one time, that if there could but be devised means of
fusing carbon, crystals of the diamond modification might pos-
sibly separate out from the molten liquid as it cooled ; but, at
present, all the evidence goes to show that at high temperatures,
the second modification of carbon (namely, graphite), and not
diamond, is produced. If a diamond be heated white-hot between
the charcoal points of a powerful galvanic battery, it softens, and
swells up, and, after cooling, there is found a hard black brittle
mass like the coke obtained by heating bituminous coal. 8o, too,
earbon is soluble in melted iron, and 8 portion of it crystallizes
out as the iron becomes cold, but the erystals thus obtained are
erystals of graphite and not of diamond. 'We can, therefore, only
surmise that diamonds crystallize at a low temperature from some
unknown solvent of carbon, or, with greater probability, that
when carbon is separated by the decomposition of some one of its
compounds it is left in the diamond condition.

The diamond is not attacked by the strongest acids or alkalies,
not even by fluorhydric acid; nor is it acted upon by any of the
non-metallic elements, 'with the exception of oxygen at high
temperatures, At the ordinary temperature of the air, diamond
undergoes no appreciable change during the-lapse of centuries ;

v
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it appears to be well nigh indestructible, in the ordinary senseof
the term. Out of contact with the air, or in an atmosphere which
has no chemical action upon it, it suffers no alteration at the
highest furnace heat,

369. Graphite or Plumbago, sometimes called  black-lead,” i
familiarly known as the material of common ¢ lead pencils.” 1t
is found as & mineral in nature in various localities. It oceurs
both in the form of crystals (six-sided tables belonging to the
hexagonal system) and in the amorphous, massive state, In both
forms it is always opaque, of a black or lead-gray color and me-
tallic lustre ; itsspecific gravity varfes from 1:8 to 2:1; its specifi
heat is 0-201.

It conducts electricity nearly as well as the metals, and is, &
this account, much used for coating surfaces of wood, wax, plaste,
and other non-conducting materials so as to render them capable
of conducting the galvanic current and so of receiving a metallic
film such as is deposited from solutions of the metals when sub-
jected to the action of the galvanic current; it is an important
material in the art of electro-metallurgy. The lustre and con-

ducting-power of graphite go far to justify the term which has

been often applied to it, metallic carbon.

870. Graphite is very friable; when rubbed upon paper it
leaves a black shining mark, whence its use for pencils. Amor-
phous graphite is much more friable than the crystalline variety;
it makes a blacker mark upon paper, and is consequently pre-
ferred for the manufacture of pencils; it is, in fact, so soft and
unctuous to the touch that it is often used as a lubricant for di-
minishing the friction of machinery. But in spite of all this the
particles of which the masses of graphite are composed are es-
tremely hard; they rapidly wear out the saws employed to cut

these masses. By powerful pressure the dust of plumbago cante |
forced into the condition of a coherent solid similar to the native !

mineral.

In the air, at ordinary temperatures, graphite undergoes no
change ; hence its use for covering iron articles to prevent ther
rusting. By virtue of its greasy, adhesive quality, it is easy
cover iron with a thin, lustrous layer or varnish of it; the com-
mon stove-polishes, for example, are composed of powdered gn-
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phite. Even at very high temperatures it is scarcely at all
oxidized by the air ; itis, moreover, altogether infusible; hence it
is usefully applied in the manufacture of a highly refractory kind
of crucible, known as black-lead crucibles or blue pots. (See
Appendix, § 26.) An analogous application of graphite is seen
in its use as *foundry-facings,” a term applied to the infusible
dust which the iron-founder sifts over his mould of sand before
pouring into it the melted metal ; if the hot metal were allowed to
come directly into contact with the sand, a quantity of the latter
would melt and remain adhering to the cold metal when the
casting was taken from the mould. For this purpose coal-dust
is an inferior substitute for graphite.

3871. Pure plumbago is never met with in nature ; when burned
in oxygen the mineral leaves from two to five per cent. of ashes,
composed mainly of oxide of iron, together with small quantities
of silica and alumina. The presence of this impurity is so
unvarying that graphite was formerly supposed to be not carbon,
but a chemical compound of carbon and iron, a carbide of iron ;
this view has now been disproved, and it is known that the iron
in the native graphite exists there merely as a mechanical ad-
mixture.

Soft, fine-grained plumbago, suitable for the manufacture of
the best pencils, is rare; but the coarse, foliated crystallized
variety is abundant, and this may easily be made soft and unc-
tuous by the action of certain oxidizing agents.

Ezp. 147.—Mix 7 grms. of coarsely powdered crystallized graphite
with 0-5 grm. of chlorate of potassium in fine powder; add the mixture
to 14 grms. of strong sulphuric acid contained in & porcelain dish, and
beat the whole over a water-bath as long as yellow vapors of hypo-
chloric acid are evolved. 'Wash the cooled mass with water, and sub-
sequently dry it on the water-bath.

Ignite a fragment of the dry product upon a piece of platinum foil,
and observe the extraordinary intumescence. After the graphite has
ceased to swell up, rub a little of it upon a porcelain plate and note
the condition of exquisite softness to which it has been reduced, and
the ease with which it can be moulded by pressure into any desired
form.

372. Regarded from the chemical point of view, graphite re-
sembles the other modifications of carbon inasmuch as it is con-

- v2
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verted into carbonic acid on being ignited in oxygen, and in that
it undergoes no alteration when heated in close vessels, but
differs materially from the other varieties of carbon in its be-
behavior towards several of the oxidizing agents. 'When graphits
is repeatedly exposed to the action of a mixture of strong nitrc
and sulphuric acids, or to that of a mixtare of chlorate or bicbr-
mate of potassium and sulphuric or nitric acid, it is convertsl
into a peculiar acid, called graphitic acid.

This graphitic acid occurs in thin transparent crystals, some-
what soluble in water, but insoluble in water containing acids o
salts ; on being heated, it decomposes, with explosion and evole-
tion of light. By analysis, it has been found to contain earbo,
hydrogen, and oxygen, in proportions corresponding to the com-
plex formula C,,H,0,; but some chemists, who regard this body
as an analogue of an acid (8i H,O,) obtained by acting upon ot
of the modifications of silicon with oxidizing agents, have sug-
gested that the atomic weight of graphite may be different fron
that of ordinary carbon, and that the vomposition of graphitic
acid could be represented by the simpler formula GrHO,, it
which the symbol Gr stands for graphon—provided the atomic
weight of this graphon were assumed to be 33, instead of 12 (the
atomic weight assigned to ordinary carbon).

The graphitic modification of carbon can readily be obtained
artificially. When charcoal is added to melted iron, the irm
takes up a considerable quantity of if, and if the iron be the
left to cool slowly, a portion of the dissolved carbon will crys-
tallize out in the form of graphite; the erystals can readily be
isolated by dissolving away their metallic envelope by means ¢
dilute chlorhydric or sulphuric acid.

As has been already remarked, the erystals of graphite ar
six-sided plates of the hexagonal system, altogether unlike ths
forms of the regular system. which are seen in the diamond. Is
carbon, then, as in sulphur, we have a striking exa.mple o

~_dimorphism. (See § 192.)

873. Gas-Carbon.—An interesting sub-variety of carbon some-
what similar to graphite, and standing, as it were, between #
wnd the ordinary modification of carbon, is obtained from ti-
retorts in which common illuminating gas is manufactared. I
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is known as “gas-carbon,” or ¢ carbon of the gas-retorts,” and
results from the burning om of drops of tar upon the interior
walls of the refort, and the long-continued heating of the crust
thus formed.

(as-carbon is very hard, compact, and dense; it has the me-
tallic lustre, and conducts electricity like a metal ; its specific
gravity (2:356) and specific heat (0-2038) closely resemble those
of graphite. On account of its high conducting-power, it is em-
ployed in the manufacture of galvanic batteries and of pencils
for the electric lamp; its infusibility and power of resisting
chemical agents have led to the employment, in various scientific
researches, of crucibles and tubes wrought out of it; it has also
been sometimes employed gs’fuel in experiments where higher
degrees of heat are needed than can be obtained from charcoal
or coke. The intense heat developed by the combustion of this
substance is referable to its high specific gravity; a very con-
siderable weight of carbon can here be burned in a small space,
As a fuel, it has the further merit of leaving scarcely any ashes,

874. Coke and Anthracite Coal are impure sub-varieties of
carbon which, from tho chemical point of view, may be classed
either with graphite or charcoal, or better between the two.
They are less like graphite, howdler, than gas-carbon is. Coke
is the residue resulting from the destructive distillation of soft ar
bitaminous coal.

Ezp.148—Put into s tube of hard
glass, No. 1, 12 or 16 c.m. in length,
enough bituminous coal, in coarse
powder, to fill one-third of the tube.
Fit to this ignition-tube a large de-
livery-tube of glass, No. 4, and sup-
port the apparatus upon the iron
stand, as shown in the figure. Heat
the coal in the ignition-tube, and
collect in hottles the gas which will
beevolved. This gas is a mixture of
several compounds of carbon and hy-
drogen;; for the present, it may be regarded as carburetted hydrogen,
is, in fact, ordinary illuminating gas.

It is inflammable, like hydrogen, but burns with a far more lumi-
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nous flame. It is very light withal; hence many of the experiments
described in the chapter upon hydrogen may be performed with this
gas. (See Chapter V.)

As soon as gas ceases to be given off from the coal, take the end of
the delivery-tube out of the water and when the ignition-tube has
become cold, break it and examine the coke which it contains The
coke used for domestic purposes is obtained as an incidental product in
the manufacture of illuminating gas.

In Europe, where anthracite is lacking, immense quantities of coke
are prepared for metallurgical uses, the gas resulting from the decom-
position of the coal being usually thrown away.

375. Bituminous coal is a substance of vegetable origin, which
appears to have been formed from plants by a process of slow
decay going on without access of air.and under the influence of
heat, moisture, and great pressure. Like vegetable matter in
general, it is composed of carbon and hydrogen, together with
small proportions of oxygen and nitrogen, and a certain quantity
of earthy and saline substances, commonly spoken of as inor-
ganic matter. On being heated in the air, it burns away almes
completely after a while, leaving nothing but the inorganic com-
ponent as ashes. But when heated out of contact with the air
(that is fo say, when subjected to destructive distillation, s in
Exp. 148), the volatile hydrogd® is all driven off in combination
with some carbon, either as gas or as a tarry liquid, and there
remains, as a residue, only carbon contaminated: with the inar-
ganic matters originally present in the coal.

376. Both coke and anthracite are hard and lustrous. As
compared with charcoal, they are rather difficult of combustion;
bat in suitable furnaces they burn readily, with evolution of in-
tense heat. Both anthracite and coke, the latter in spite of its
porosity, conduct heat readily, as compared with charcoal ; hence
one reason of the difficulty of kindling them. In building s
charcoal fire, the heat evolved by the combustion of the kindling
material is almost all retained by the portions of charcoal imme-
diately in contact with the kindling agent ; but in the case of ccke
or anthracite a large proportion of this heat is conducted off and
diffused throughout the heap of fuel, so that no portion of tbe
fuel can at once become very hot. It follows that in both light-
ing and feeding fires of coke or anthracite, only small portions
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of the fuel should be added at any one time, lest the kindling
material, or the existing fire, be unduly cooled. Since coke is
usually contaminated with a considerable proportion of inorganic
matter, its combustion is apt to be hindered by the accumula-
tion of ashes and consequent exclusion of air, unless special pre-.
eautions be taken.

377. Charcoal or Lampblack is commonly taken as the repre-
sentative of the third or amorphous modification of carbon. This
kind of carbon can be obtained in a state of tolerable purity,
cither by heating in a close vessel sugar, or starch, or some
other organic substance which contains no inorganic constituents,
or by burning oil of turpentine in a quantity of air insufficient
for its complete combustion. A convenient way of obtaining it
is to place a vessel filled with ice-water directly in the flame of a
lamp fed with oil of turpentine, so that the combustion of the oil
shall be impeded, and that soot may be deposited upon the walls
of the vessel. In either event, however, the product is liable to
be contaminated with traces of hydrogen or of oxygen, or of both
these elements, which cannot be expelled even by the application
of long-continued and intense heat.

For such illustrations as are required in this manual, chareoal
ean readily be prepared from wood in the same way that it is
made for manufacturing and domestic uses, namely by subjecting
the wood to a process of incomplete combustion.

Erp. 149.—Light one end of a splinter of dry wood and slowly push
the burning portion into the mouth of a test-tube, as shown in Fig. 50.
The portion of the splinter which remains
outside the tube and in contact with free
air will continue to burn with flame, while
that within the tube is either extinguished
altogether or barely glimmers as the carbon
slowly unites with the small portion of air
which can gain access to it.

Exp. 160.—Repeat the foregoing experi-
ment, but, instead of the test-tube, provide
a cup of eand and slowly thrust the burning splinter into this sand.
The flame will be extinguished as fast as the splinter is cut off from
the air by immersion in the sand, and a residue of carbon will be thus
obtained, as before,
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878. Whenever wood, or any other vegetable or animal mat-
ter, is not completely consumed, there is left a residue of carbon
similar to that obtained in the foregoing experiments. Ineom-
plete combustion in such cases is really a process of destructive
distillation, or, rather, in any combustion of wood, or of bitumi-
nous coal, there is always destructive distillation at first. When
the splinter of wood of Exp. 149, is heated in the lamp, in order
to set it on fire, there will distil off from it, in the beginning,
ocertain volatile compounds of hydrogen and carbon; for wood,
like coal (§ 375), is composed of carbon, hydrogen, oxygen, ni-
trogen, and inorganic or earthy matters, and when exposed to
strong heat it gives off in the gaseous form the volatile elements
hydrogen, oxygen, and nitrogen, together with some carboa.
The products of she destructive distillation of the splinter will
take fire and burn, and the heat generated by their combaustion
will be sufficient, not only to distil the contiguous portions of the
wood, but also to bring the residual carbon to the temperature at
which it unites with oxygen. This kindling-temperature of
carbon, it should be remarked, is considerably higher than that
at which the volatile distillate composed of carbon and hydrogen
takes fire. Now if, as in Experiments 149, 150, the burning
splinter be removed from the air as soon as the act of distillation
has been completed, but before the combustion of the carbon has
set in, the carbon will be preserved, as has been seen. 8o, too,
when burning wood is extinguished by pouring water upon it;
the distillatory process has occurred and has been more or les
thoroughly completed, but the combustion of the carbon is cut
short ; for the water not only excludes air but absorbs so much

heat that the temperature of the fuel is’reduced below the kindling-
" point. (Compare Exp. 24.)

379. Charcoal can be obtained also by distilling wood in retorts
-in the same way that we have seen that coke can be procured
from bituminous coal. (See Exp. 148.)

Ezp. 1561.—Provide an ignition-tube and a delivery-tube similar to
those employed in Exp. 148. Fill the ignition-tube with shavings o
amall fragments of wood, arrange the apparatus as in Fig. 51, and light
the gas-lamp. Collect in bottles the gas which is given off from the
wood, and test it as to its inflammability by applying a lighted match.
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After the flow of gas has ceased, remove the end of the delivery-tube
from the water, plug it 8o that no air can enter the ignition-tabe, and
Iay the apparatus aside until it has
become cold. Finally remove the
cork from the ignition-tube and take
out the charcoal which is contained
in it. Heat a portion of this char-
coal upon platinum foil and observe
the mamner in which it burns. It
will illustrate the fact that solid sub-
stances which are incapable of evol-
ving volatile or gaseous matter do
not burn with flame ; they merely
glow.

. Ezp. 162.—Pack an ignition-tube with bits of wood, as in Exp. 151,
but, instead of the ordinary delivery-tube, insert in the mouth of this
ignition-tube a cork carrying a short piece of glass tubing drawn out
to a fine open point. By means of wire, tie the ignition-tube to a ring
of the iren stand, and place it over the gas-lamp. The gases evolved
from the wood will escape through the narrow tube, and on being
kindled will burn with a luminous flame. As has been already stated
(§67), flame is caused by burning gas.

This experiment, as well as Exps. 148, 151, illustrates the principle
of the manufacture of illuminating gas. Upon the large scale, bitumi-
nous coal, or sometimes dry wood, is distilled in large iron or clay
tubes, called gas-retorts, and the gas evolved is freed from tar and
other offensive impurities by processes of cooling and washing with
water, and by passing it through layers of lime or oxide of iron; it is
then collected in large gas-holders, from which it is pressed through
subterranean pipes, it may be for miles.

380. For use in the arts, charcoal is prepared by both the
methods above indicated ; it is manufactured both by charring or
partially burning wood with little access of air, and by methodi-
cally distilling wood in actual retorts. The first method is
employed in countries where wood is abundant, and is carried
on in the forest itself. Logs of wood are piled up into a large
mound or stack around a central aperture, which subsequently
serves as a temporary chimney, and also for the introduction of
burning substances for firing the heap. The finished heap is
covered with chips, leaves, sods, and a mixture of moistened
earth and charcoal dust, a number of apertures being left open
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around the bottom of the heap for the admission of air and the
escape of the products of distillation and combustion. The heap
.is kindled at the centre, and burns during several weeks. When
the process is judged to be complete, all the openings are carefully
stopped, in order to suffocate the fire, and the heap is then left to
itself until cold. Kilns constructed of brick are often nsed instead
of the rude heaps here described. The charcoal retains the form
“of the wood—the shape of the knots and the annual rings of the
wood being still perceptiblein it,—but it occupies a much smaller
volume than the wood; generally its bulk does not amount to
more than three-fourths of that of the wood, and its weight never
exceeds one-fourth the weight of the wood.

‘Where charcoal is prepared by distilling wood in retorts, the
liquid products of distillation, namely tar and acetic acid (* py-
roligneous acid”’), are saved and utilized.

381. Lampblack.—Usually when hydrogen is removed from a
gaseous compound of carbon and hydrogen, the carbon separates
in the form of soft flakes, called lampblack or soot. In Experi-
ment 60, we have already seen that lampblack is formed when
hydrogen is removed from carburetted hydrogen by means of
chlorine, and we know well that oxygen is capable of producing
the same result. Hydrogen is more combustible in oxygen than
carbon; henoce if carburetted hydrogen be mixed with only enough
oxygen to consume its hydrogen, and the mixture be then inflamed,
the carbon contained in it will be set free. This is the way in
which lampblack is commonly formed ; a lamp ¢ smokes” when
the supply of air is insufficient to furnish oxygen to both the car-
bon and the hydrogen of the oil or other combustible.

Upon the large scale, lampblack is manufactured by heating
organic matters, such as tar, rosin, or pine knots, which contain
volatile ingredients very rich in carbon, until vapors are disen-
gaged, and then burning these vaporsin a current of air insufficient
for their complete combustion. A dark-red, very smoky flame is
thus obtained ; a large portion of the carbon of the combustible
does not burn, but is deposited as a very fine powder precisely
similar to that which constitutes the black portion of commen
smoke. Lampblack finds important applications in the arts as &
pigment and as the chief ingredient of printers’ ink.
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Ezp. 153.—Fill an ordinary spirit-lamp (Appendix, § 5) with ol of
turpentine, light the wick and place over it an inverted wide-mouthed
bottle of the capacity of a litre or more, one edge of the mouth of the
bottle being propped up on a small block of wood, so that some air
may enter the bottle. As the supply of air is insufficient for the per-
fect combustion of the oil of turpentine, a quantity of lampblack will
separate and be deposited upon the sides of the bottle.

Hydrogen kindles at a lower temperature than carbon ; hence
if the flame of & burning compound of carbon and hydrogen be
cooled down below the temperature at which carbon takes fire,
lampblack will be formed, even if there be present an abundant
supply of air,

Ezp. 164.—Press down upon the flame of an oil-lamp or candle an
iron spoon or a porcelain plate in such manner that the flame shall be
almost, but not quite, extinguished. The solid body not only obstructs
the draught of air, and thereby interferes with the act of combustion,
but it also cools the flame by actually conducting away part of its
heat; the temperature is thus reduced to below the kindling-point
of carbon, and a quantity of lampblack remains unconsumed and ad-
hering to the spoon or plate. This experiment is, of course, compa-
rable with Exps. 133, 186, in which spots of arsenic and antimony
were obtained upon porcelain, as products of the incomplete combus-
tion of their compounds with hydrogen. As has been stated in § 877,
lampblack thus prepared usually contains a certain small proportion
of hydrogen compounds.

382. Charcoal is altogether insoluble in water; it is odorless
and tasteless. Unlike the diamond, it isa good conductor of elec-
tricity, but a bad conductor of heat, particularly when in the state
of powder. It is a better conductor of heat in proportion as it is
denser ; when strongly heated out of contact with the air it be-
comes heavier, harder, and closer in texture than common char-
coal, and less easily combustible, but a far better conductor of
heat and of electricity than before. The pieces of charcoal, for

example, which sometimes fall unconsumed from the bottoms of
smelting furnaces, after having passed through a long column of
intensely heated fuel, are found to be peculiarly compact and
close-grained, and to conduct heat with comparative facility.

As has been seen in § 376, the combustibility of a fuel is
diminished in proportion as the fuel is & good conductor of heat ;
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and since, a3 has just been stated, charcoal conducts heat the
more readily in proportion as it is denser, it follows that, other
things being equal, a given sample of charcoal will take fire
more quickly if it be light than if heavy. It will appear, more-
over, from the foregoing that the combustibility of eharcoal should
be less, according as the temperature at which the charcoal pre-
pared is higher, If, for example, linen or cotton rags be carbo-
nized at low temperatures, there will be obtained a very light
variety of charcoal, called tinder, which takes fire with especial
ease. So, too, 8 very light and easily inflammable charcoel is
prepared for the manufacture of gunpowder by distilling light
woods, such as willow and alder, at low temperatures. Wood
charooal takes fire easily, a8 compared with ooke; ecoke as com-
pared with anthmmte, and anthracite as compared with gas-car-
bon. But, inversely, when the charcoal has once been thoroughly
lighted, the intensity of the heat obtained from a fire of it will be
greater in proportion as the charcoal is more dense. As has been
already stated (§ 873), a better fire can be obtained by burning
gas-carbon than can be had from coke or charcoal ; for in any
given space, if the supply of air be ample, more of the dense than
of the light fuel can, of course, be burned in a given time. The
specific gravity of charcoal is about 1:6 ; but an ordinary fragment
of it readily floats upon water, owing to the air within its pores;
if this air be removed, as when the fragment is powdered, the
charcoal will sink at once. (See Exp. 159.). It is infusible and
non-volatile,

883. In all its varieties, charcoal is & very important chemical
agent, chiefly because of the readiness and energy with which it
combines with oxygen at high temperatures. Most of the com-
mon processes for extracting the useful metals from their ores are
based upon the affinity of carbon for oxygen.

Ezp. 155.—Mix five grammes of litharge (oxide of lead) with a quar-
ter of a gramme of powdered charcoal ; place a portion of the mixture
in an ignition-tube made of No. 8 glass, and heat it strongly in the -
ges-lamp. The charcoal will unite with the oxygen of the oxide of
lead, and the compound thus formed will escape in the form of gas,
while metallic lead will remain in the tube.

This experiment is analogous to Exp. 124, where arsenious acid
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was reduced by means of charooal. Both experiments are typical
of the manner in which hot charcoal acts upon metallic oxides.
At a white heat it removes oxygen from:its combinations with
some elements which hold it with great force, such as the oxides
of sodium and potassium and phosphoric acid. Even water is
decomposed, with liberation of hydrogen, when brought into con-
tact with red-hot charcoal.

Ezp. 156.—Fill a piece of iron gas-pipe, about 86 c.m. long and 1 c.m,
or more in internal diameter, with fragments of charcoal ; adapt to it
8 delivery-tube, as represented in Fig. 63, and support it upon a ring
of the iron stand over one or two wire-gauze gas-lamps. Attach to

Fig. 5.

the other end of the tube a thin-bottomed glass flask half full of water
and supported upon the ring of asecond iron stand. Light the lamps
beneath the tube full of charcoal, and wait until it has become red-hot,
then heat the water in the flask and cause it to boil slowly. The
steam will react upon the hot carbon in 8 manner which may be for-
mulated as follows :—
0 + HO = CO 4 2H,

and there will be formed a mixture of a compound of oxygen and car-
bon called carbonic oxide, and free hydrogen. Collect the mixed gas
in bottles upon the water-pan and test it as regards its inflammability
by applying a lighted match.

A certain quantity of water may even be decomposed by thrusting
pieces of brightly glowing charcoal into water. If the experiment be
performed beneath an inverted bottle of water held near the surface
of the water-pan, a quantity of gas large enough to be inflamed can
readily be obtained.

At ared heat charcoal deoxidizes bodies which are rick in oxy-
gen so readily that there occurs a peculiarly rapid and sparkling
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combustion known as deflagration. Deflagration differs fromer-
plosion only in degree ; it is less violent than explosion, becsue
the combustion is less rapid.

Ezp. 157.—Mix 10 grms. of nitrate of potassium and 5 grms. of -
cently ignited charcoal, both in fine powder; place the mixture upm
a brick, in a current of air, or in any place where the volatile products
of the reaction can occasion no inconvenience, and touch it witht
lighted stick or red-hot wire. The charcoal will burn violently, with
brilliant scintillations, at the expense of the oxygen contained in the
nitrate of potassium.

As a modification of this experiment, heat a couple of. pieces of cha
coal to redness in the fire and sprinkle upon the one s small quastity
of powdered nitrate of potassium, and upon the othera little powderd
chlorate of potassium.

884. This deoxidizing power of charcoal, above illustrated, it
exhibited only at high temperatures. At the ordinary tempers-
ture of the air, the chemical energy of charcoal is exceedingly
feeble. Charcoal is, in fact, one of the most durable of substance.
Specimens of it have been found at Pompeii and upon Egyptia
mummies, to all appearance as fresh as if just prepared; the
action of the air continued through centuries has exerted no
appreciable influence upon it. Experience has proved that many
wooden articles which are to be placed in situations peculiarly
liable to cause their decay, may be protected by charring them
superficially ; the carbonization of the interior of casks destined t»
hold liquids, and of those portions of wooden posts and sills whid:
are to be sunk in the ground, or to remain on or near the surfax
of the ground, are familiar instances of this custom.

Not only is charcoal unacted upon by air or water at the ordi-
nary temperature, but there are few ohemical substances whick

have any action upon it unless they be hot; neither the neutrs
solvents, such as alcohol and ether, nor corrosive agents, such &
chlorine or fluorhydric and chlorhydric acids, attack it in asy
way. It is slowly oxidized, however, by nitric acid, and rapidy
by perchloric acid, and it dissolves, to a slight extent, in ccl
concentrated sulphuric acid. At the ordinary temperature, »
one of the elements combines with it directly ; but at high tem-
peratures it unites directly, not only with oxygen, as we knov.
but with sulphur as well, forming bisulphide of carbon (C&
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M very high temperatures, as when a powerful galvanic battery

is discharged from carbon points immersed in an atmosphere of
hydrogen, carbon combines directly with hydrogen also, and there

is formed a ges called acetylene (C,H,). With nitrogen it unites
to form cyanogen (CN) when a current of nitrogen gas is passed

through 8 column of ignited charcoal which has previously been
charged with carbonate of potassium by soaking it in a solution
of this salt ; but it will not unite with nitrogen without the inter-
vention of the alkaline carbonate or of some other substance.
With chlorine and the other members of the chlorine group it
does not unite except indirectly ; buf with several of the metals it
unites direotly to form badly defined compounds called carburets
or carbides. Upon the chlorides and their analogues carbon has
1o action, and the same remark is true of some refractory oxides,
such as silicie acid anq oxide of aluminum, which are net decom-
posed by charcoal, even at a white heat ; but at a strong red heat
it reduces most of the sulphates to the condition of sulphides (for
example—

CaS0, + 2C = CaS + 2C0,)),

end the nitrates, chlorates, and perchlorates to the state of car-
bonates—

385. A physical property of charcoal, which is of great prac-
tical importance, is its power of absorbing and condensing within
its pores a great variety of gases and vapors; it absorbs coloring-
matters also, and various other substances as well, abstracting
them from solutions in which they are contained.

Erp. 168.—Take from the fire a live coal (clm‘coal) as large asa
ben’s egg, extinguish it by covering it up tightly in a small metallic
vessel or by covering it with sand, and wait until it has become cold:
weigh it carefully upon a delicate balance, and record the weight.
Place theweighed coal in such a situation (in a damp cellar, for example)
that it shall be freely exposed to moist air during twenty-four hours;
again weigh it, and note the increase. Boxwood charcoal has been
found to increase in weight 14 per cent. in the course of a single day,
and any ordinary charcoal will usually increase in weight from 10 to
12 per cent.

Exp. 169.—Take from the fire, as before, a piece of charcoal which '
has been heated to full redness for some time; thrust it under water, so

2(K,0,N,0,) + 5C = 2(K,0,00, + 8CO, + 4N. & w o

{4
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that it may be suddenly cooled, and observe that it sinks in the waie
and that few or no bubbles of gas escape from its pores.

Take another piece of charcoal which has long been exposed to the
air and has not recently been heated, attach to it a quantity of shest
lead sufficient to sink it in water, and immerse the whole in s larg
beaker glass two-thirds full of hot water. The mobile water will in-
mediately enter the pores of the charcoal, and a portion of the s
which had previously been absorbed by these pores will be driven out,
and can be seen escaping in bubbles through the water, chiefly from
the broken ends of the coal.

In a similar way, if a piece of old charcoal be placed in a bottle ful
of water standing inverted upon the water-pan, a quantity of air wil
gradually be expelled from it as the water enters its pores, and will cd-
_ lect at the top of the bottle.

Mg.qir can at any time be quickly removed by sinking a piece of
the chamoal, by means of lead, in water of the ordinary temperature,
placing tha vessel which contains the water under the receiver of @
air-pump and pumping out the air from this receiver; as the pressre
of the atmosphere is removed from the surface of the water a multi-
tude of bubbles of air will be seen to issue from the pores of the coal

To the presence of air and aqueous vapor, which has been thus
absorbed, is to be attributed the snapping and crackling of old
charcoal